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PROJECT 9
12-HOUR DELIVERY PROGRAM
VERIFICATION SUMMARY REPORT

INTRODUCTION

Project 9 ~ 12-Hour Delivery Program was included as Project 9 in the December 1988 Imperial Irrigation
District/ Metropolitan Water District of Southern California (IID/MWD) Water Conservation Agreement. The
first 12-Hour Delivery (12-HD) orders were taken and filled in the Fall of 1989 and the annual number of
12-HDs is now over 20,000 in the service area outside of the three Lateral Interceptor Projects sponsored by

the Conservation Agreement,

Prior to the implementation of the 12-HD Program, for the most part, farmers were only given the opportunity
to have their regular water orders started, shutoff, increased, or reduced at the beginning (or end) of once each
24-hour period. These ordinary water orders are now termed 24-Hour Deliveries (24-HDs) . The IID zanjeros
(ditch-riders) begin their daily operational runs at about 6:00 AM to change farm water deliveries in response
to farmer’s water orders made by noon of the previous day. Each zanjero is responsible for managing a specific
set of laterals and the respective farm delivery gates they serve, which is called a zanjero run. It takes them 3
to 4 hours to complete their runs. The zanjeros progress through their runs in a systematic manner, thus the
first farm delivery gate on each zanjero run is attended to at about 6:00 AM and the last between 9:00 and
10:00 AM, but each 24-HD order receives water for approximately 24-hours. Furthermore, each farm gate has
a specific time (plus or minus about 15 minutes). in the moming when a zanjero will be there to take care of

the respective farmer’s 24-HD water order.

The essence of the 12-HD Program is that it provided farmers with the opportunity to have their water order
started both in the morning (AM) and evening (PM) instead of only in the AM; but to qualify for this twice-a-
day service the flow-rate (or size) was limited to 7-cfs (cubic feet per second) under the original terms of the
12-HD Program. This was changed in the fall of 1996 because of the difficulty of servicing the large number
of 12-HDs , and now the orders are capped at 5-cfs in the spring and fall, but the cap is still 7-cfs in the winter
and summer, when there is a lesser demand for 12-HDs. Originally the use of 12-HDs was fairly inflexible and
farmers were held to keeping their 12-HD orders for a full 12 hours, but now farmers are allowed greater
flexibility and may have their 12-HD shutoff at almost any time, providing sufficient advance notice is given.
Another feature of 12-HDs is that the farmer are only charged for the water that is actually delivered, whereas,
for 24-HDs they must pay for the quantity of water ordered, regardless of when they have it shutoff.

This Conservation Verification Summary (VSR) Report is organized into the six sub-sections outlined below.
It supercedes an earlier VSR that focused on the Conservation Element (dated September 1996 and an
Addendum to it (dated September 1998). The early VSR and its Addendum are included herein in their initial
forms and page numbering systems as Appendix A and B.

Following are the names and a brief description of the purpose and content of each sib-sections.

*  Background: The background section includes a general descriptions of verification principles for the
12-HD and the history and development of the verification strategy.
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+  Verification of Conservation Element: This is the heart of this VSR. The first part of it contains the
strategy for the development of the basic data used it the formulation of the sets of mathematical equations
that were developed to quantify the net on-farm water conserved as a result of the 12-HD program. The
conserved water is expressed in terms of the reduction in farm deliveries. This set of basic data is referred
as the 1:10 Database. The second part of the section covers the evolution of the development of the
mathematical formulations, which are called Inference Models, leading up the final model. The third part
of the section provides a description of how to use the data from the 1:10 Database along with data
queries from HII)’s detailed canal and farm delivery data stored in the Water Information System. It ends
with a step-by-step example calculation to demonstrate the use of the final Inference Model using 1998
Water Year data to obtain the Conservation Element of the 12-HD Program.

*  Verification of Consequential Effect Element: As a consequence of providing 12-HDs extra lateral (and
main canal) flow changes are required when the 12-HDs. are shutoff (in addition the regular flow changes
necessary for providing the AM service for the mixture of regular 24-HDs and 12-HDs). These exira flow
changes and the associated canal manipulations induce additional lateral spillage over and above the
ordinary operational spillage. To account for this, a small volume of spillage is charged as a consequential
effect of each 12-HD on non-intercepted laterals. The details for estimating the per 12-HD effect are
covered in the CVC’s Final Canal Spillage Report. However, the development of this Consequential Effect
Element is presented in this section using 1998 Water Year Data.

+ Allocation of 12-HD Savings Between Projects 9 And 15: A portion of the water conservation
savings resulting from the added flexibility afforded by 12-HDs is allocated to the Project 15 - System
Automation. This is because having the additional automation facilities to better control the flows in the
main delivery system is critical to IID’s ability to accommodate the large number of 12-HDs without
causing excessive delivery fluctuations and spillage. The allocation of the Conservation and Consequential
Effect Elements between Projects 9 and 15 is based on the ratio of the sum of their respective annual
Capital plus O and M costs. Details for estimating this ratio based on the situation at the end of 1998 are

presented in this section,

*  Annual Conservation Projections: This section is presented to demonstrate the process (using
1598 Water Year data) required for making the calculations for the CVC’s Conservation Projections. The
results of the estimated Conservation and Consequential Effect Element are presented in the same tabular
format as is used in the CVC’s annual Conservation Projection Reports with the tabular summaries.

*  Independent Validation Analysis: This section contains the results of the analysis of IID water delivery
data that is designed to provide and alternate estimate of the net conservation savings of the 12-HD
Program. The analyses presented in the section are entirely different than the (above) verification analysis.
Thus it provides and independent mean for validation it.

Careful attention has been given to presenting precise definitions for many of the special and important terms
used herein. Glossaries of these terms are presented at the beginning of the Background and Verification of
Conservation Elements Sections. These are consistently set in italics throughout to add preciseness and

clarity.
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BACKGROUND

Introduction

There has been considerable change in the amount of delivery flexibility IID offers since the 12-HD Program
was initiated and the way farmers utilize it. However, the central feature of the program has remained
essentially the same. The program provides farmers with two daily turn times approximately 12-hours apart,
morning and gvening, and the service of having deliveries automatically terminated after 12-hours or at any
other time if they give sufficient notice. Originally farmers were allowed to place 12-HD orders of any size up
to 7 cfs during all seasons of the year.

To avoid inducing excess lateral or main system spillage, IID water managers must make special provisions
for handling the water that is no longer being delivered at the farm gate whenever a 12-HD is terminated. The
flow that is no longer needed is in effect “returned” to IID water managers who must find a use for it
somewhere else. Project 15 — System Antomation enbances their ability to handle the returned flows of water.
However, as the usage of 12-HDs continued to grow especially in the spring and fall, there came a time when
the ID/MWD Conservation Program Managers deemed it necessary to limit the growth of the returned flows,
To accomplish this, 12-HD orders were restricted to a maximum flow rate of 5 cfs beginning in the fall of the
1996 Water Year. Thus there is a 5-cfs Cap on orders in the spring and fall and a 7-cfs Cap in the winter and
summer when there fewer 12-HD orders.

The body of this section begins with a general description of the water savings concepts related to the 12-HD
Program. Then the history and development of the verification strategy is presented.

12-HD Program Description and Verification Concept

As with all of the conservation projects there is at least one Conservation Element, which result in reductions
in water uses or losses due to the effects of the conservation project, and potential Consequential Effect
Elements, which are increases in water uses or losses due to the effects of the conservation project.

Conservation Element. The only water conservation element is the Reduction in Farm Deliveries resulting
from providing more flexible delivery service to farmers. The reduction is the difference between the annual
volume of water that would have been delivered to farms if 12-HDs had not been available and the amount that
is delivered.. The reduction in farm deliveries results from providing greater flexibility in the duration of
irrigation deliveries. Also, it results from the fact that IID water operators have greater latitude in managing
water that is “returned” when 12-HDs are shutoff, because of Project - 15 System Automation.

Consequential Effect Element. The only consequential effect element of the 12-HD Program is the Induced
Lateral Spillage resulting from starting or shutting-off 12-HDs outside of the Normal Operation Window,
which is when the regular 24-Hour Deliveries that make up the bulk of the water deliveries are started or

shutoff.

Net Conservation Savings. The net conservation savings is the difference between the Conservation and
Consequential Effect Elements, so that:
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Net Conservation Savings = Conservation Element - Consequential Ejffect Element

Glossary of Terms and Definitions. A number of terms for which the definitions should be concise and
consistent are used in describing and developing the 12-HD Project Conservation Verification Strategies and
Projections. Following are the important terms used in developing the Conservation and Consequential Effects

Elements.

Water Year. A 12-month period beginning October 1 and ending September 30, inclusive; xxcx denotes
the calendar year containing the January 1 to September 30 period.

Calendar Year. A 12-month period beginning January 1 and ending December 31, inclusive.

(Water) Delivery Detail Data. The digital IID records of farm water deliveries from November 1, 1996
to date.

12-HD. A farm water delivery event ordered for a nominal duration of 12 hours as identified in the IID
delivery detail records.

(v.), AF. Net on-farm volume of water conserved by a 12-HD.
Sub-set. A sub-set of the 12-HD events defined by water application method, order size and season.

Normal Operation Window. The time period unigue to each farm delivery gate during which water
delivery is normally started and stopped.

Reduced Farm Delivery (12-HD). The difference between the annual volume of water that would have
been delivered to farms if the conservation project had not been constructed and the volume that was
actually delivered with the project. (12-HD) denotes that the reduced delivery is the result of the 12-Hour
Delivery Program. It is the only conservation element of Project 9. The (12-HD) part of the definition is
included because other projects have additional types of Reduced Farm Deliveries; however, for
convenience it will usually be dropped herein.

Shutoff-loss per 12-HD. Increment of lateral spillage resulting from the termination of each 12-HD on
non-intercepted laterals.

Induced Lateral Spillage (12-HD). The annual volume of additional spillage from non-intercepted
laterals above lateral base spillage that results from providing 12-HDs under the Conservation Program.
It is a consequential effect of Projects 9 and 15.

Verification Laterals. The representative set of laterals for which there are continuing long-term spillage
records used to compute base lateral spillage.

Base Spillage. The computed annual volume of lateral or main canal spillage that occurred or would have
occurred during a given time period less any spillage that did or would have resulted from providing
identified 12-HDs and flexible 24-HDs.
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Development of Verification Strategy for Estimating Reduced Farm Deliveries (12-HD)

Three different processes including the current one have been employed to estimate the net on-farm or direct
conservation savings associated with Project 9. These processes all feature an event-based delivery differential
strategy (or approach) to estimate the gross and net on-farm conservation savings realized from each 12-HD:

Ve = Va4 - V2

(v)=v-vgy

where:
Ve = gross volume of water conserved on-farm for a given 12-HI) event, AF
Vyy = estimated volume of water that would have been delivered for the event without the
12-HD Program {the without-project delivery), AF
iz = volume of water actually delivered for the event with the 12-HD Program, AF
(v = net volume of water conserved on-farm for a given 12-HD event, AF
Vay portion of gross volume of water conserved on~farm that is effectively used elsewhere

for a given 12-HD event, AF

This general strategy acknowledges that estimating the volume that would have been delivered, v,,, is in effect
an informed judgement of what each farmer would have done if only 24-Hour Deliveries (24-HDs) were

available.

The CVC were asked to critique the first two 12-HD verification processes and the associated activities in early
1993. The initial process relied on the judgments of the Water Clerks in each of the six IID Divisions to
specify the expected conservation savings, v., for each 12-HD. The second process involved selecting 12
cooperating growers, two from each of the six division at that time, and having the Assistant Division
Superintendents query them to estimate the associated v, for each of their 12-HDs in that Division. (It was not
clear nor actually specified whether the expected conservation savings estimates being generated were net or
gross, total or on-farm, at any rate the values being generated were used as if they were net on-farm savings

values.)

‘When the CVC was asked to critique the 12-HI) verification processes, the program and its verification had
been in effect for about 3 years. Therefore, rather than proceed with development of an independent
verification plan, the CVC choose to conduct a critique of ongoing verification activities. As a result of this
critique the CVC suggested that a different data collection process be employed for estimating the conservation
savings associated with each 12-HD event and a new mathematical analysis procedure (Inference Model) be

developed.
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The 1-in-10 Grower Database’. In view of the CVC's concerns with using the data collected from the 12-
Cooperating Growers to make the (v,) estimates a new database and estimating procedure was recommended
and initiated during the 1994 Water Year. Instead of concentrating on a few selected growers who were large
users of 12-HDs, a random query was made of all growers who placed 12-HD orders. To achieve this, each
Division was asked to have its Water Clerks count the 12-HD orders in sequence as they arrived and complete
a special Grower Questionnaire for every 10th 12-HD order (see Form 1 in Appendix A). This required

querying the appropriate grower or irrigation foreman.

The above procedure produced a random sample of 12-HD users and uses. Besides asking, "If 12-HDs were
not available, what would you have ordered for 24-hours?" they were also queried about what would have been
done with any excess water and why they were using 12-HDs. In addition to these special Grower
Questionnaires, a Zanjero Information sheet to be filled out for every 12-HD order was also developed (see

Form 2 in Appendix A).

By comparing the 1:10 Database with the District-wide counts it is clear that the random sampling program
was successfal. The 1:10 Grower Database is proportionally distributed across methods, seasons, Divisions,
and crops (see percentages at bottom of Table 2 in Appendix A).

Early Inference Model Development. The design of the development of the 1:10 Database envisioned using
the data in a spread-sheet type of analytical program, which will be referred to herein as an Inference Model.
The early strategy for use of the data was to group the data (from the 1:10 Database) in Sub-sets of 12-HDs
that had similar characteristics, such as method of irrigation or order size, but as a group had statistically
different average (v,) values. At the timethe CVC anticipated that the irrigation methods of drip, flat, row, and

sprinkle would play a major role in the grouping process.

Procedure for Estimating Average Savings/Event for Sub-sets of 12-HD Events. The procedures used for
estimating the water conservation savings associated with 12-HDs were developed by analyzing the data
gathered through the 1:10 Grower responses and the Zanjero Information sheets, The analysis was tempered
by the information gained from interviews with 20 growers who utilized 12-HDs. The original analysis was
then independently revisited and an additional 7 growers were interviewed to focus on areas in the original
analysis and interviews that needed further clarification and possible modification.

Two basic assumptions implied in the procedure used to estimate the net on-farm conservation savings for each
12-HD event, (v,), are: 1) only 12-HDs for agricultural irrigation are considered; and 2} each 12-HD would
have had (or replaces) a corresponding 24-hour delivery, 24-HD. The procedure used to estimate (v}, values
(for Sub-sets “m’ of similar events) from the information contained in the 1:10 Database involved the following
six steps (which are developed in detail in Appendix A):

! Por details on the 1-in-10 Database see the CVC report included in Appendix - A Summary of
Initial Verification Procedure for Estimating Net On-farm Savings Resulting from 12-Hour
Deliveries 1o Obtain Reduced Farm Deliveries(12-HD) for Projects 9 and 15. Appendix A is a
condensed version of the CVC report Initial Verification Procedure for Estimating Net On-farm
Savings Resulting from 12-Hour Deliveries to Obtain Reduced Farm Deliveries(12-HD) for
Projects 9 and 15. The summary report lays out the strategies used in the full report but leaves
out much of the detail. The Main Report is the Annex referred to therein.
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Classifying the 24-HD responses;
Applying a set of screening rules;
Adding a small amount of "buffer” water to 24-HD responses that are "Half" of the 12-hour order;
Estimating the probable effectively used portion, vgy, of the excess water that would have been
delivered to fill the "corresponding 24-HD" that the 12-HD was assumed to have replaced;
5. Computing the net on-farm water savings for each individual 12-HD event,

(Vo) = (Vg4 = Vip ~ Vgu); and
6. Developing weighted averages for the individual 12-HD events for Sub-sets of like 12-HD events by
summing the individual (v.) values for each 12-HD event and dividing by the number of like events.

e

The initial procedures developed in Appendix A for establishing (v),, values also included the development of
an Inference Model with six Sub-sers that wtilized their (v.),, values for estimating the Reduced Farm Delivery
(12-HD). This model is no longer valid because of 12-HD Program changes that have taken place, but {except
for the effect of a minor revision in the effective utilization percentages) the same (v,) values developed for the
individual 12-HDs in the 1:10 Database are still being used.

Modification of Procedures for Estimating Conservation Savings. At the time the CVC report presented
as Appendix A was finalized in September 1996 it was titled Project 9 -- 1 2-Hour Delivery Summary Report —
PartI; Netr-On farm Conservation Savings. Since completing this Initial VSR for what is now termed Reduced
Farm Deliveries (12-HD) a number of changes, as mentioned above, have been made and/or have taken place

in the 12-HD Program.

To address these changes an Addendum to the initial VSR Project 9 12-Hour Delivery Report, PartI: Net On-
Farm Conservation Savings (Dated September 1996) has been developed and is included herein. The first
DRAFT of the Addendum was submitted to the Conservation Water Management Committee (CWMC) at the
June 20, 1997 meeting and discussed. This first DRAFT contained sections covering a revision of the effective
utilization (EU) percentages, and a revision of the inference model to handle the 5-cfs Cap imposed on the
12-HD orders during the spring and fall beginning inthe 1996 Warer Year, A second DRAFT of the Addendum
containing a preliminary method for handling the growth of 12-HD usage and accounting for 12-HDs to serve
Projects 14 and 18 was submitted at the January 28 1998 WCMC meeting and discussed.

The third and FINAL DRAFT of the Addendum, which is included as Appendix B herein, was submitted and
discussed at the September 8, 1998 WCMC meeting. It contains updated and edited sections covering the
revisions presented in the two earlier drafts plus the CVC’s latest strategy for handling the growth in the usage
of 12-HDs, an updated validation analysis, and an example computation for utilizing the a new inference
model for determining the Reduced Farm Delivery (12-HD). Only minor modifications have been made in the
inference model for estimating the Reduced Farm Delivery since the completion of the Addendum.

Development of Verification Strategy for Estimating Induced Lateral Spillage (12-HD)

Management of the returned flows when 12-HDs are terminated results in additional lateral spillage compared
to the normal operational spillage associated with the 24-HDs they replace. This additional spillage is captured
and conserved where laterals are intercepted and the potential spills are immediately available for use down
steam or stored for future use. However, for non-intercepted laterals part of the net on-farm water conservation
saving, (v,), associated with each 12-HD is offset by its Shufoff-loss. This is because the process of reducing

12-HD Verification Summary Report (KB) FINAI. DRAFT June 30, 1999
12-HD VSR 1999#1.wpd 7 Supercedes Sep/25/96 and Sep/8/98



the inflow of water to the laterals in a timely manner to accommodate the shut-off of each daytime 12-HD
potentially increases the lateral’s operational spillage.

Basic Need for Canal Spillage Study. The effects of 12-HDs on lateral spillage is the only Consequential
Effect Element of the 12-HD Program and it must be accounted for to determine the Net Conservation Savings.
This is necessary where lateral spillage is discharged into 11D drains, but not where laterals are intercepted
However, because 12-HD use is widespread and only a few laterals have verification quality spillage records,
it is no possible to directly compute the 12-HD-induaced spillage volume for all non-intercepted laterals. Instead
it is necessary to estimate 12-HD-induced spillage from the monitored laterals.

History of Studies and Estimates. In making the Conservation Projections for the 1995 through 1999
Calendar Years the CVC has used various techniques for estimating the Induced Lateral Spillage associated
with the 12-Hour Delivery (12-HD). The CVC's final verification strategy for estimating the Jnduced Lateral
Spillage was used for making the 1999 Conservation Projection and it is presented in the Final Canal Spillage
Report referred to below. The interim techniques utilized for making the 1997 and 1998 Conservation
Projections are included as interim reports in Appendixes C and D in the final Canal Spillage report.

Final Canal Spillage Report. The canal spillage analysis and studies are contained in the CVC report Canal
Spillage Analysis in Support of Conservation Savings Verification for Projects 3, 8, 9, 15, and 17, dated July
1999. The CVC elected to develop this as a stand alone report because understanding and quantifying lateral
spillage is an important aspect of conservation verification for five projects in the IID/MWD Water
Conservation Program: Projects 3, 8, and 17, the lateral interceptor projects, and Project 15, System
Automation in addition to the 12-HD Program. Thus it was most efficient to address canal spillage as a general
jssue because these projects either target canal spillage for conservation or cause spillage to increase as a
consequence of project operation as is the case for the 12-HD Program. The report contains a description of
the strategies used in developing the study and essential outputs resulting from it. Therefore, it was not
necessary nor would it be efficient to include the details of that work herein.

Final Strategy for Estimating Induced Lateral Spillage. 'The final strategy selected for estimating the
Induced Lateral Spillage (on non-intercepted laterals) resulting from terminating 12-HDs outside of the
Normal Operating Window (when ordinary 24-HDs are terminated) is to assign an average increment of
induced lateral spillage for each 12-HD. This spillage increment is called the Shutoff-loss per 1 2-HD (defined
as the increment of lateral spillage resulting from the termination of each 12-HD on non-intercepted laterals).
Then to estimate the Induced Lateral Spillage (12-HD) multiply the number of 12-HD events that occur on
non-intercepted laterals by the Shutoff-loss per 12-HD.

Important Annexes (bound separately)

There are four important Annexes produced by the CVC for the this Project 9 VSR that are bound separately,
these are:

1. The Interim Detailed Verification Procedure for Estimating Net On-Farm Savings Resulting from
1 2-hour Deliveries to Obtain Reduced Farm Deliveries (12-HD) for Projects 9 and 15 This report
is in preparation and will contain the underlying data and details for analyzing the 1:10 Database for
the Inference Models used in this report. It will be and updated version of the earlier unabridged
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Draft Report titled Project 9: 12- Hour Deliveries Verification Summary Report dated October
1993.

The report developed for the 12-HD Verification Procedures Seminar titled, Project 9 — 12-Hour
Delivery Program — On-Farm Water Savings Verification Procedures Seminar, Dated June 1996.
A report on the Special Meeting of the Water Conservation Advisory Board Presented by the
Conservation Verification Consultants on June 19, 1997, titled, Verification of the 12-Hour Run
Program, dated June 1997.

The Final Canal Spitlage Report, Canal Spillage Analysis in Support of Conservation Savings
Verification for Projects 3, 8 9, 15, and 17, dated July 1999,

Coupled with this VSR these reports provide a window into the full set of activities associated with the CVC's
verification procedures used for making the Conservation Projections for the 12-HD Program.
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VERIFICATION OF CONSERVATION ELEMENT

The only Conservation Element for the 12-HD Project is the Reduced Farm Deliveries (12-HD). The following
set of terms and their definitions is presented to facilitate the discussion of the CVC’s Y2K Inference Model
and computational procedures for estimating the Reduced Farm Deliveries (12-HD):

Sub-set. A sub-set of the 12-HD events defined by water application method, order size and season.

Savings/Event, AF. Average reduction in farm delivery per event in each Sub-set during the 1994 Water
Year (when the 1:10 12-HD Database® was developed).

(VD - The Savings/Event in Sub-set “m”, which is the average reduction in farm delivery per event in
Sub-set “m” during the 1994 Water Year.

Savings, AF. Reduction in farm deliveries for the total number of 12-HD events in a Sub-set during the
current Water Year.

(Vw - The Savings/Event in Sub-set “m”, which is the reduction in farm deliveries for the fotal number
of 12-HD events in Sub-set “m” during the current Water Year.

Events, # Number of 12-HD events in the Sub-set during the current Water Year.

Gates, # Number of gates from which the 12-HD events in the Sub-set were supplied during the current
Water Year.

Events/Gate, #. Number of 12-HD events per gate in the Sub-sef during the current Water Year.

1994 Events/Gate, # Number of 12-HD events per gate in the Sub-ser during Water Year 1994 (when
the 1:10 12-HD Database was developed).

EPG Ratio. Ratio of the number of 12-HD Events/Gate in the Sub-set during the current Water Year
compared to the number of 12-HD Events/Gate in the Sub-set during the 1994 Water Year (when the 1:10

12-HD Database was developed).

k Factor. A factor used with each 12-HD Sub-ser in the algorithm that controls the rate and extent of the
reduction in its Savings when the number of Events/Gate in the Sub-set during the current Water Year
exceeds the number of its 1994 Events/Gate (in the 1994 Water Year when the 1:10 12-HD Database was
developed), ie. when its EPG Ratio is greater than 1.

2 The 1:10 12-HD Database was developed for use in verifying the conservation savings for
Project 9 and is discussed in detail in the 12-Hour Delivery Program VSR, dated July 1999. It
is based on information obtained by interviewing the person making every tenth 12-HD order
during the 1994 Water Year.
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(%), The k Factor for Sub-set “m” , which is a factor used in the algorithm that controls the rate and
extent of the reduction in its Savings when its EPG Ratio is greater than 1.

(Water) Delivery Detail Data. The digital IID records of farm water deliveries from November 1, 1996
to date.

Development of Primary Data for the Inference Model

The Y2K Inference Model for estimating the Reduced Farm Deliveries requires having estimates of the
Savings/Event, AF for each of the Inference Model Sub-sets that are based on the net on-farm conservation
(savings) for each of the 1656 recorded 12-HD events in the 1:10 Database. To do this required following the
steps outlined earlier. Key computational components were to estimate probable effective utilization (EU) of
unneeded water depending on the responses to the query concerning each 12-HD. Then to compute the
estimated net on-farm savings for each 12-HD, (v,).

Effective Utilization (EU). It was assumed that a portion of the estimated gross on-farm conservation from
a given 12-HD, (vo4 - Vo), may have been effectively used. To account for this, Effective Utilization (EU)
percentages were developed for cach type of 12-HD order in the 1:10 Database and the estinated gross on-farm
conservation savings were reduced by multiplying them by (1.00 - EU/ 100) to obtain the net savings. The EU
percentage was developed from the answers given to the following two part question (see Appendix A, Item

18 on Form 1):

Part I: If 12-HDs were not available, with the flow rate you indicated that you would have ordered
for 24 hours do you think you would end up with too much water for this irrigation?

Part2: If yes, where would the excess water have gone 7 (Growers were given the following choice
of destinations: same field, SF; directly to the drain, D; another field, same gate, SG;
different gate, DG; back to canal, C; or other)

The results of the development of the specific EU values for use in the general equation for estimating the
Savings/Event value associated with each 12-HD event are presented in Appendix A, Table 4.

Since the development of the original Effective Utilization (EU) values, new insights for handling the 1:10
Database queries regarding the destiny of excess water with the farmer responses of “backto canal”, (C) were
developed. Using the new insights to develop a better analytical basis for estimating the potential EU for the
“return to Canal” events in the 1:10 Database resulted in a higher EU, which decreases the average net on-farm
savings accordingly. The resulting final EU values are presented in Appendix B, Table A-2, which is formatted
the same as Table 4 in Appendix A. The estimated overall or global volume weighted average EU = 16.0 %
for the 12-HD events in the 1:10 Database. Thus on average the (v) is the gross on-farm savings per 12-HD

times (1.0 - 0.16).

Estimating the Saving for Each 12-HD in the 1:10 Database. The general equation for estimating the net
on-farm conservation savings associated with each 12-HD event in the 1:10 Database, (v,), is:
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A. For (t x Qu4) greater than (t x Qi);

(v) = (1/12.1)( 1 - %EU/100)[(t2e x Qa4) - (t x Qi3]
B. For (1, x Q,,) less than or equal to (t x Qy2);
(v) =0, whentless than 14.5 hours

and

(v) = (1/12.1){ 1 - %EU/100)[(24 x Q;3) - (t x Qp)], when t greater than
or equal to 14.5 hours

in which®:
(v) = estimated volume of water conserved for each 12-HD event in the 1:10 Database,
AF
EU = estimate of excess 24-HD water that would have been effectively utilized, %
Q,, = estimate of probable 24-HD rate of flow if 12-HD) was unavailable, cfs
t = actual duration of each 12-HD irrigation event, hr

ty = 24 forall "Mand S Class" orders, br
24 for "H and h Class" orders fort < 12 hr, hr
2 xt for "H and h Class" orders fort > 12 br, br

Q; = rate of flow delivered, Q. , to fill the 12-HD order, O,,, as estimated by the
zanjero/night-patrolman, except where no Q, is given or Qq deviates more than +
25% from 0]2, in which case le - 032, ofs

The entire 12-HD 1:10 Database was analyzed to estimate the net on-farm conservation savings associated with
each 12-HD event, (v). The results of this analysis prior to revising the EU values are summarized in
Appendix A, Table 5. The results for each method of irrigation and order class along with the respective order
counts, durations, and order sizes (or flow rates) and the respective savings are summarized in the top five
windows. Average savings for each of the irrigation methods were used in developing an inference model for

3 The various order classes represent the sizes of the 24-HDs that were replaced compared to the
sizes of the 12-HDs that replaced them. The main 12-HD order classes were: Half or "H Class"
orders when the growers said their 12-HD replaced a 24-HD order that would have been exactly
half of what they ordered for 12 hours; half or "h Class" orders when the 12-HDs were a little
more than half of the 24-HDs they replaced; Same or "S Class" orders when the 12-HDs
replaced 24-HDs that would have been exactly the same; and Minimum or "M Class" orders
that fall between "h and S Class" orders.

The difference between Q;, and 0y, is: Q,, refers to the rate of flow delivered to serve a 12-HD; and
0,, refers to the rate of flow ordered for a 12-HD.
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estimating the conservation savings for the District-wide use of 12-HDs. The averages for each order class and
the overall averages for the entire 1:10 Database are sumnmarized in the bottom window.

Y2K Inference Model Development

After developing a net on-farm water savings value for each 12-HD event in the 1:10 Database (v,), the next
step was to develop an inference mode! (or set of algorithms) to translate these estimated (v,) to the Reduced
Farm Deliveries for the current Water Year. This requires using the information available in 1ID)’s (Water)
Delivery Detail Data for the 1994 and current Water Years which is stored in IID’s Water Information System

(WIS).

Excluding the Extra 12-HDs to Project 14 and 18 Fields. Farmers operating Drip, Linear Move Sprinkler,
and Tailwater Recovery Systems order more 12-HDs than they would otherwise order for an average
combination of the farm irrigation systems used throughout the IID service area. Some of these high 12-HD
usage systems are sponsored by the ID/MWD Conservation Program falling under Projects 14 and 18, which
receive credit for their on-farm Conservation Elements. Therefore, the additional 12-HDs induced by Projects
14 and 18 are not credited to 12-HD Program® and are excluded from the 1994 and current Water Year
Databases®. (For details on the number of such 12-HDs involved and the effect that not excluding them would
have when computing the Reduced Farm Delivery see pages A-26 and A-27 in Appendix B.)

Early Inference Models. The early inference models developed for estimating the Reduced Farm Delivery
are presented in Appendix A. We will refer to the last of these models as the 1996 Inference Model. It is a
simple model and relatively easy to understand. It has a simple set of algorithms that are similar to the more
complex algorithms used in the CVC’s Y2K Inference Model that will be used to estimate the Reduced Farm
Delivery for Year 2000 and subsequent Calendar Years thereafter. In view of this, to enhance understanding
of the Y2K Inference Model a review of the 1996 Inference Model is presented below.

Since the development of the 1996 Inference Model in September 1996, all morning (AM) 12-HD orders during
the fall (September through November) and spring (March through May) quarters were limited to a maximum
of § cfs (5 cfs Cap) instead of the old standard 7 cfs Cap. This resulted in a decrease in the average net on-farm
savings per 12-HD compared to when the 1:10 Database was developed in 1994. In addition there was concern
about the effect of the significant growth in the use of 12-HDs since the 1994. To handle the 5-cfs Cap and
growth in 12-HD usage the CVC developed the Y2K Inference Model for estimating the Reduced Farm

Delivery based on the 1:10 Database.

4 This is necessary because it is not acceptable to have the induced or potential spillage from one
Project be Conserved (Saved) by another Project and count as Savings in the same Conservation
Program, this in effect would be double counting.

5 On the other hand, the potential Shutoff-loss per2-HD for each of these 12-HDs that occurs on
non-intercepted laterals s included as a part of the Induced Lateral Spillage for the 12-HD
Program, Therefore, the Shutaff-loss perl 2-HD for the additional 12-HDs are not included as a
Consequential Effect Element in the estimates of the Net Conservation Savings for the of Drip,
Linear Move Sprinkler, or Tailwater Recovery Systems sponsored under Projects 14 and 18.
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1996 Inference Model. 'The 1996 Inference Model has a simple algorithm that utilized six Sub-sets of the
1656 individual {v,) values for the 1:10 Database developed during the 1994 Water Year. In developing this
model a total of 17 Sub-sets based on irrigation method, crop, and season were identified. An analysis of
variance indicated that the 17 Sub-sets could be combined into a minimum of three Sub-sets with significantly
different mean valnes. However, rather than collapse the grouping to the minimum of three, it was decided to
maintain a grouping convention that observed the different irrigation methods. This approach yielded the
following six Sub-sets and average (v.) values for each of them (based on the initial EU values):

(V) = 2.746 AF for flat (border irrigated) alfalfa from May through August

(V) = 1.817 AF for all other flat irrigated crops and seasons

vJm = 2.133 AF for all row irrigated crops except vegetables during January-August
(vJre = 1645 AF for row irrigated vegetables during fanuary-August

(v)s = 2.122 AF for all sprinkler irrigations

(vDp = 1.718 AF for all drip irrigations

The 1996 algorithm for making future estimates of the Reduced Farm Delivery was the sum of the total net
on-farm savings (V). for each of the above six Sub-sets. With the (Vo) for each Sub-set calculated by
multiplying the appropriate (Vo) value ( based on the 1:10 Database) by the number of events in that Sub-set,
taken from the district-wide (Water) Delivery Detail Data recorded in the WIS for the current Water Year.
Table 7 in Appendix A contains a breakdown of the intermediate computations for estimating the Projected
Reduced Farm Delivery for the 1996 Calendar Year based on 12-HD data for the 1995 Water Year.

The CVC pointed out that the 1996 Inference Model would be valid for the types of 12-HD uses that existed
under the TID rules governing 12-HDs during the 1994 Water Year when the 1:10 Database was developed.
Thus the rule change of limiting the maximum 12-HD delivery rate to 5 cfs (5 cfs Cap) during the spring and
fall months beginning with of the 1996 Water Year was expected to affect the way farmers use 12-HDs and
the associated savings. For example, the 7 cfs Cap operating rule used up through the 1995 Water Year
provided water savings potential while discouraging 12-HD use for only labor savings. However, the lower
5-cfs Cap could limit a type of 12-HD use that was more prevalent under the 7-cfs Cap.

Tn view of the above, the CVC suggested that for verification purposes the following be done: 1) examine the
potential impacts of any proposed rule change before it is made; 2) document any changes that may be adopted;
and 3) develop appropriate modifications to the Inference Model to cover possible changes in 12-HD usage.
Inresponse to 1) and 2) the CVC examined and documented the potential impacts of the 5 cfs Cap. In response
to 3) a 1:10 Grower 5 cfs Order Query activity was initiated to determing how many of the 4, 4.5, or 5 cfs
12-HD orders would have been placed as 5.5, 6, 6.5, or 7 cfs orders if they were still available during the
Spring and Fall. The data obtained form this new query provided useful insights concerning the effects of the
5-cfs Cap . However, the 5-cfs Limitation Database was not directly used in the algorithms for the subsequent

inference models.

Handling the 5-cfs Cap. The 5-cfs Cap on moming (AM) orders beginning with the spring of 1996 (and
every spring and fall thereafter) resulted in significantly altering the relative numbers of orders in the order
(size in cfs) tiers above 4.5 cfs as compared to when the cap was 7-cfs. Table A-3 in Appendix B shows the
comparisons of the counts in each order tier in the 1:10 Database developed before the 5-cfs Cap and the
District-wide Database (QTDB) for the period November 1, 1995 through October 30, 1996. Table A-4 in
Appendix B shows the average net on-farm savings per 12-HD by order tier annually and by season derived
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from the 1:10 Database. The differences between the savings for any given order tier are fairly large in some
cases, which is probably dueto the different crops and irrigation methods that predominate in any given season.
Based on considerations made form these two tables the CVC decided to maintain both 12-HD order size and
“seasonality” as much as possible in the inference model.

The general equation for the inference model is (ignoring the effects of the increased 12-HD usage) is:
Total Savings = fm, x (v 4] + [z X (Vo)) oo HMm X (o)l

where:

Ry, O, ... Ny TEpresent the number of 12-HD events in a given Sub-set of the 1:10 Database, and
(V)1 (Vo)zs - (Vo) TEpTESEDL the average savings per event in each Sub-set.

A constraint to the development of an inference model is the database size coupled with the necessity of having
a sufficiently large threshold number of events in each of its Sub-sets to obtain statistically reliable average
savings values, (v.), for each of them. A statistically reliable threshold is roughly 30 events per Sub-set and
the 1:10 Database contains data for 1656 12-HD events. Therefore, even if the 12-HD events were equally
distributed among Sub-sets the maximum number of Sub-sets would only be 1656/30 = 55.

In view of observations related to Tables A-3 and A-4 in Appendix B, a logical starting point for developing
the inference model would be to divide the 1:10 Database into Sub-sets representing: the four irrigation
methods; the four seasons; and the seven order tiers represented. However, this would result in having too
many (4 x4x7=1 12) Sub-sets. The first effort at reducing the number of Sub-sets was to consolidate the
order tiers into three groups designated as: 1 to 4, for orders from 0.5 to 4.0 cfs; 5, for 4.5 and 5.0 cfs orders;
and 6 to 7, for orders of 5.5 cfs or Jarger. The logic behind consolidating the 1 to 4 tiers is based on the fact
that the 5 cfs Cap did not greatly affect the numbers of orders of 4 cfs or less and the average annual savings
for the orders larger than 5 cfs are nearly the same (see Appendix B, Table A-3). Consolidating the order tiers
into three groups reduced the number of possible data Sub-sets to 48. The 1:10 Database was divided into these
48 Sub-sets and the average savings per event in each Sub-set with 2 or more entries (or counts) was
determined. The results of this screeming process are presented in Appendix B, Table A-5.

Many of the Sub-sets presented in Table A-5 have too few events to provide statistically reliable (o), values.
So the next step in developing the inference model was to strategically combine the Sub-sets so each had over
20 (preferably 30) events and the uniqueness between Sub-sefs was preserved as much as practical, as
measured by the (v,), , while considering the number of events involved. This combining process resulted in
the 22 Inference Model Sub-sets of the 1: 10 Database presented in Appendix B ,Table A-6. Following are
examples of the kinds of 12-HD events included in each of the Inference Model Sub-set for the descriptors
listed in the left hand column of Table A-6:
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Sub-set Number Descriptor Kinds of 12-HD Events

2 flatl_d4spf flat irrigation with delivery rates between 0.5 to 4.0 cfs
in the spring and fall
15 rowSwsu row irrigation with delivery rates of 4.5 and 5.0 cfs

in the winter and summer

22 sp6_7 sprinkle irrigation with delivery rates between 5.5 to 7.0 cfs
in all seasons of the year

The (v.), (based on the 1:10 Database) and the number, n, of IID’s district-widel2-HD events for the
corresponding Sub-set category (based on the 1996 Zanjero District-wide Database) were used in the general
inference model equation® presented above to compute the Total (Reduced Farm Delivery) of 42,806 AF (see

Table A-6).

Handling the Growth in 12-HD Usage. The 22 Sub-set Inference Model for estimating the net Reduced
Farm Delivery based on the 1:10 Database. needed to be modified to handle the growth in 12-HD usage. It
seemed logical that the average savings per 12-HD would be lower for additional events, except in the case of
the increased acreage under drip and sprinkle irrigation. This is because the types of 12-HD uses rendering the
Jargest savings would likely have been captured by the 12-HD Program early on. Therefore, more and more
of the 12-HDs may be focused on labor and management savings with less potential for water savings.

Based on an analysis of the (Water) Delivery Detail Data and field visits (see Figure A-2, Table A-7 and the
accompanying text in Appendix B) it appeared that the growth in usage has occurred in the following three
domains. Firstly, there has been a significant increase in usage of small (0.5 to 2 cfs)12-HD orders to serve
the expanding number of drip and sprinkle irrigation systems and small surface irrigated fields. Secondly, there
has been some extensive growth with 12-HDs being made to a larger number of delivery Gates during any
given season of the year. Thirdly, there has been intensive growth as the average number of Events/Gate (that
is the total number of 12-HDs divided by the total number of farm delivery gates receiving 12-HDs) has
increased, while the number of gates receiving 12-HDs has remained relatively constant (see Appendix B,

Figure A-2).

Accommodating the Increased Usage of Small 12-HD Orders. The Inference Model that was designed to
handle the 5 cfs Cap had 22 regular Sub-sets described by irrigation method, delivery rate, and season of the
year, plus in effect a 23" Sub-ser for all 12-HD for which the irrigation method was unspecified in the 1:10
Database. Thel2-HD orders that were equal to or less than 4 cfs were grouped together in a single order tier
that included all 0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4 cfs orders (for example, sce Sub-ser Number 2 in the above
table). This was satisfactory as long as the relative distribution of order sizes remained the same as in 1594
when the 1:10 Database was developed. However, the relative numbers of small sized orders has increased

significantly, especially the 1 and 2 cfs 12-HD orders.

6§ A special Sub-set was created for the 12-HD events for which the method of imgation was
unspecified. It is assigned an Average (v.) of 1.947 AF based on the Weighted Average (v;) of
the other 22 Sub-sets in the 1:10 Database. Thus in effect there are 23 Sub-sefs in the Inference

Model.
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In view of the above, four new Sub-sefs of the 1:10 Database were created by combining all 0.5, 1, 1.5, and
2 cfs orders, regardless of the irrigation method or season, to handle the relative increase in small orders. This
maintained the same integrity of the inference model since there is still the same minimum number {23) ormore
events in each of the Inference Model’s Sub-sets (see Appendix B, A-8). Table A-9 shows the comparison
between using the new 27 and previous 23 Sub-sets in the Inference Model to estimate the Reduced Farm
Delivery using (Water) Delivery Detail Data from the WIS for the 1997 CFS Water Year(July 1 - June 30)

and the revised EU values.

Accommodating Extensive Growth in Usage of 12-HDs Since 1994, The criteria that separates extensive
from intensive growth is based on the number of Events/Gate in each Sub-set. Any growth in 12-HD usage is
considered to be extensive if the number of Events/Gate in a Sub-set for the current Water Year is less than
or equal to the /994 Events/Gate (see glossary above) for the corresponding Sub-set of the 1:10 Database.
If there is no growth or the growth is extensive then no reduction in Savings is made for that Sub-set of the
Inference Model. Thus if the EPG Ratio, which is the ratio of the Events/Gate to the 1994 Events/Gate is less
than or equal to 1.0 for a given Sub-set, no adjustment is made in the conservation savings for that Sub-set.
(In shorthand form, if the EPG Ratio is less than or equal to 1.0, no reduction is made in (V) ).

Accommodating Intensive Growth in Usage of 12-HDs Since 1994, Growth in the usage of 12-HDs in any
Sub-set is considered to be intensive ifits ZPG Ratio is greater than 1.0, in which case a reduction algorithm
1s applied during the calculation of (V,),,, for that Sub-set “m” of the Y2K Inference Model. In the reduction
algonthm, if its EPG Ratio is between 1 and its k Factor’ (see glossary above) the Events, # for the Sub-set
is separated into: Set A, with full-savings and Set B, with reduced-savings.

Set A.  The number of 12-HDs assigned to Set A is the Events, #/EPG Ratio, and its contribution to
the Savings for the Sub-set is its Savings/Event, AF multiplied by the number of 12-HDs
assigned to it.

Set B.  The remaining number of 12-HDs is assigned to Set B, and its contribution to the Savings for
the Sub-set is its Savings/Event, AF multiplied by the number of 12-HDs assigned to it. This
product is then reduced by multiplying it by a linear reduction factor, which is:

k - (k- 1)/2 - EPG Ratio/2 for the Sub-set.

(For a numeric example of the above, see Footnote® )

In the reduction algorithm, if its EPG Ratio is greater than its k Factor, the Events, # for the Sub-set is
separated into: Sets A, with full-savings; Set B, with reduced-savings, and Set C, with no-savings.

Set A, Set A’s contribution to the Savings for the Sub-set is computed the same as the above Set A

" The establishment of the k Factor for each Sub-set is presented below.

¥ Assume: EPG Ratio = 1.50; k Factor =2; and Events, # = 1200 for a Sub-set. Since the EPG Ratio
is greater than 1 and less than the k Factor the 1200 Events are separated into the Set A with full-
savings and Set B, the remaining part, for which a linear reduction factor is applied . Set A (full-
savings part) contains 1200/1,50 = 800 of the Events, thus Set B {reduced-savings part) contains the
remaining 1200 - 800 = 400 of the FEvents.
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SetB  The number of 12-HDs assigned to Set B is the Events, #( k Factor - 1), and its contribution
to the Savings for the Sub-set is its (Savings/Event, AF)/2 multiplied by the number of 12-HDs
assigned to it.

Set C  The remaining number of 12-HDs is assigned to Set C and no contribution to the Savings for
the Sub-set.

"The reduction algorithm described above is depicted in Appendix B, Figure A-3 for the extensive and intensive
portions of the growth in 12-HD events. The horizontal portion in Figure A-3 represents the entire extensive
portion of usage where the savings per 12-HID event is equal to the (V). in which the subscript ”m " represents
the Sub-set under consideration The sloped portion represents the portion of usage where the savings per
additional 12-HD is decreased linearly from the full value of (v.),, to zero, with the rate of decrease dependent

£t r

on the value assigned to k,, Factor for each Sub-set “m”.

Establishing the k Factors. The CVC gained a subjective “sense” for the types of 12-HD usage in Sub-sets
experiencing intensive growth from the analysis of the (Water)} Delivery Detail Data and the field studies
mentioned above. This “sense” was used to arrive at k Factors for each of the 27 Inference Modet Sub-sets.
The k Factors are either 1.5 or 2.0, with 2.0 being used for all 5-cfs, all drip and sprinkle, and all 0.5- 1~, 1.5,
and 2- cfs Sub-sets (see Table 1). The logic for using the higher & Factor of 2 (which has the lesser effect on
reducing savings) for these Sub-sets is as follows: for the 5-cfs Sub-sets it is because the 5-cfs Cap effectively
forced their growth; for the drip and sprinkle Sub-sefs it is because more crops are being fully grown under drip
and sprinkle irrigation than in 1994; and forthe all 0.5-, 1, 1.5-, and 2-cfs Sub-sets it is because they contain
increasing numbers of 12-HDs serving drip, sprinkle, and row irrigated small-fields that require specialized

irrigation management.

Y2K Inference Model Algorithms. The Y2K Inference Model is based on the 27 inference Sub-sets with
an average Savings for each Sub-set “m” of (vo),,, derived from the 1:10 Database (see Appendix B, Table A-
8). It is designed to handle both the extensive and the intensive growth of 12-HD usage since the 1:10 Database
was developed in 1994 as described above. The Model’s three algorithms are expressed visually in Figure A-3
and in mathematical terms on page A-23 in Appendix B? to determine the AF of Savings for each Sub-set “m”,

(Vo -
Using the Y2K Inference Model to Determine the Reduced Farm Delivery

The Reduced Farm Delivery for the current Water Year is the sum of the of the individual AF of Savings,
(V) for each of the 27 Inference Model Sub-sets (see Table 1, which is for the 1998 Water Year). The

sources of the data in the columns in Table 1 are:

. The Sub-set column contains the descriptors that identify the portions of thel2-HI) information or
databases that contain the necessary data for a given row in the table. These descriptors are fixed in
the Y2K Inference Model.

.+ The data in following columns are fixed values in the Y2K Inference Model:

9 The figure and equations happen to be set up in terms of the 1997 Water Year (indicated by terms
with subscripts of 97), which was the current Water Year at the time Appendix B was written.
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Table 1. The Reduced Farm Delivery for the 1998 Water Year Showing the Summation Process for the
Individual AF of Savings, (V). , for Each of the 27 Inference Model Sub-sets.

Computed Reduced Farm Delivery Due to 12-HDs Provided Outside of Interceptor Areas for the Water
Year Immediately Preceding the Calendar Year for which the Water Conservation Savings Projection is
e Made, . —_—
T T 1994 [
Gates, | Events/| Saved/Event, | Events/ Savings,| EPG
Sub-set Events, #] # Gate, # AF Gate, #1 k Factor AF Ratio |
1. drip3 7 545 56 9.7 225 103 — 2 12268 o0.94
2. flat3_4spf 709 397 1.8 1.464 1.6 1.5 1025 1.12
3. flat3_4wsu 735 407 1.8 1.672 1.6 1.5 1211 1.1
4. flatbspf 1621 922 1.8 1.77 1.3 21 2737 1.3
5. flatbwsu 812 511 1.6 2.399 1.3 2 1909 1.2
B. flat6_7f 73 59 1.2 2.49 1.2 1.5 182 1.0
7. flaté_7sp 144 121 1.2 1.928 1.5 1.5 278 0.7
8. flat6_7su 1220 782 1.6 2.565 1.6 1.5 3129 0.9
9. flaté_7w 292 255 1.1 2.143 1.2 1.5 626 0.9
10. row3_4f 623 354 1.8 1.859 1.5 1.5 1129 1.1
11. row3_4sp 888 330 2.7 1.609 2 1.5| 1303 1.3
12. row3d_4su 214 117 1.8 1.81 1.3 1.5 342 1.41
13. row3 4w 776 385 2.0 1.651 2.3 1.5 1281 0.8
14, rowbspf 1344 646 2.1 2.049 1.6 2] 2658 1.
15. rowbwsu 731 374 2.0 2.515 1.7 2 1821 1.1
16. row6_7f 55 39 1.4 3.02 1.3 1.5 165 1.0
17. rowB_7sp 105 84 1.3 2.586 1.8 1.5 272 0.6
18. rowb_7su 500 218 2.3 1.842 1.6 1.5 800 1.4
19. rowb_7w 260 188 1.4 2.275 1.5 1.5 592 0.92)f
20. sp3 4 2292 539 4.3 2.033 3.6 2] 4595 1.1
21. sp5 1604 392 4.1 2.298 2.8 2| 3418 1 43,
22.5p6_7 248 87 2.9| 2.951 24 2 721 1.194
23. 2ll0.5 703 101 7.0 0.43 5.4 2 202 1,29
24. all 1742 270 6.5 0.784 4 2 1207 1.61jf
25. all1.5 821 255 3.6 1.267 4.8 2 1167 0.7
26, all2 2662 599 4.4 1472 3.5 2| 3806 1 .23
27. unspecified 43 38 1.7 T.942] 1.1 A 83 O
Tolals 21,863 37,975 ]
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. The data in the Saved/Event, AF column was determined form the analysis of the 1:10
Database;

«  The numbers in the k Factor column were subjectively chosen by the CVC ; and

«  The data in the 1994 Events/Gate, # column was determined from an analysis of the entire
12-HD database for the 1994 Water Year.

. The data in the Events, #, and Gates, # columns are (automatically) sorted out of the (Warer)
Delivery Detailed Data stored in [ID’s Water Information System (WIS) by algorithms in the Y2K
Inference Model. These data will differ for each current ‘Water Year in the future.

«  The data in the Events/Gate #, and the EPG Ratio columns are intermediate values (automatically)
generated by algorithms in the Y2K Inference Model. These data are included to provide a means
for determining relative change in 12-HD usage and will differ for each current Water Year in the

future.

. The data in the Savings, AF column are the intermediate (by Sub-sef) and Total Reduced Farm
Delivery.

Sample Calculation. The following example of step-by-step calculations are presented to aid in the
understanding of important algorithms of the Y2K Inference Model. The data is taken from Table 1 (which is
based on 1998 Water Year data) and the numerical example is the determination of the Savings, AF for Sub-set

“24”. i.e.(V)ps (for all 1 cfs orders):

Step 1.  Find the number of 1994 Events = 816 and the number of 1994 Gates = 205; therefore, the number
of 1994 Events/Gate = 816/205 = 3.98, rounded to 4.0 (during the 1994 Water Year).

Step2. Analyze the (Water) Delivery Detail Data to find the number of Events = 1,742 and the number of
Gates = 270; therefore, the number of Events/Gate = 1742/270 = 6.45 (during the current Water

Year).

Step3. Thencompute the EPG Ratio = 6.45/4.0 = 1.62 and note that the k Factor = 2 and the Savings/Event
for Sub-set 24, (V= 0.784 AF.

Step 4.  Since the EPG Ratio = 1.61 is greater than 1 and less than the k Factor =2, the 1742 Events in the
Sub-set are separated into the part of the Events for which there is no reduction and the remaining
part of the Events for which a linear reduction factor is applied . The no reduction part contains
1742/1,62 = 1082 of the Events, thus there are 742 - 1082 = 660 of the Events in the reduction part

remaining.

Step 5.  Since the (v = 0.784 AF, the portion of the Savings attributed to the no reduction part of the
Events is 1082 x 0.784 = 848 AF.

Step6  The portion of the Savings attributed to the reduction part of the Events would be 660 x 0.784 = 518
AF, but this must be multiplied by the linear reduction factor. The linear reduction factor is:
k- (k- 1)/2 - EPG Ratiol2 , which for Sub-set 24 is equal to 2 - (2 - 1)/2 - 1.61/2 = 0.695. Thus the
Savings attributed to the reduction part of the Events is 0.695 x 518 = 360 AF.
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Step 7. The Savings attributed to all of the Ev
thus: Savings for Sub-set “24”, (Vo

12-HD Verification Summary Report (KB)
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ents in Sub-set 24 is the sum of the results of Steps 5 and 6,

(for all 1 cfs orders) = 848 + 360 = 1208 AF.
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VERIFICATION OF CONSEQUENTIAL EFFECT ELEMENT

The only Consequential Effect Element for the 12-HD Program is Induced Lateral Spillage (12-HD). It is the
extra lateral spillage that occurs in relation to the starting or terminating of 12-HDs. It mainly results from the
delay in timing of lateral headgate flow decreases relative to farm delivery gate shutoffs. The delay in
decreasing the beadgate flow stems from the natural bias of the zanjeros or night patrolmen to have a little extra
water available at the farm delivery gate to reduce the possibility of having shortages. Shortages upset
irrigators, but a little extra water is usually welcome.

The following discussion related to estimating the Induced Lateral Spillage (12-HD) is based on information
from the CVC’s Final Report, Canal Spillage Analysis in Support of Conservation Savings Verification for
Projecis 3, 8, 9, 15, and 17, dated Tuly 1999, which will be referred to as the “Rinal Canal Spillage Report”.

Strategy for Estimating Induced Lateral Spillage. As mentioned earlier, the general strategy for estimating
the Induced Lateral Spillage resulting from terminating 12-HDs outside of the Normal Operating Window,
which is when ordipary 24-HDs are terminated, is to assign an average increment of lateral spillage for each
12-HID serviced from non-intercepted laterals. This spillage increment is called the Shutoff-loss per 12-HD.
For example, if there were 10,000 12-HDs serviced from non-intercepted laterals in a given Water Year, and
the Shutoff-loss per 12-HD = 025 AF for that Water Year, then the projected Induced Lateral Spillage
(12-HD) = 2,500 AF for the following Calendar Year. For the most part, the differences between the annual
estimates of Jnduced Lateral Spillage (1 2-HD) leading up to the this point in time are the result of the
evolution of the development of the Shutoff-loss per 12-HD. The process described below will be used for
making the Conservation Projection for 2000 and the Projections thereafter.

Lateral Spillage Data Analysis. An analysis was made of the spillage data available from the set of 12
Verification Laterals. (There were 96 lateral-years of data available from the eight Water Years of verification-
quality lateral spillage data.) It was observed that there was 2 great deal of variability in the volume of spillage
attributed to the termination of 12-HDs among the different laterals across the eight year of record. Statistical
tests (such as spillage vs. total number of gates on lateral, total lateral spillage, and number of 12-HDs used
per lateral) were performed to find an explanation for this spillage variation.

None of the statistical tests revealed significant correlation between the volume spilled per 12-HD and the
above types of characteristics of the laterals and 12-HD usage. This indicated that the variability in the volume
of lateral spillage per 12-HD is due to other factors than the physical parameters analyzed. Therefore, the CVC
decided to use an annual lateral-by-lateral averaging technique based on all available verification-quality
spillage data from non-intercepted laterals to compute the Shutoff-loss per 12-HD. Thus the makeup of the set
of annual lateral spillage data varied from year to year (See Table 2).
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ull Water Years of Verification-Quality Data Used to Compute the

Table 2. Laterals Spill Sites and F
Shutoff-loss per 12-HD.

Sites and years used for 12hd spill tag using all available sites with full water years of data.
nq" indicates that this site is used for this water year.
Query hydro_cni_spl_full_w_yr_final_sum from bpt>d:\1002\rev_sphspl_anal9808.mdb for water years 1991 through 1998.

I 1991 1982 1993 1994 1095 1996 1997 1998 | Total Years

. 1 1

- . 1 1

. _ 1 . 1

S I _ 1 1 2

1 1 . 2

S R SRR | A 2

Moo 1. 1 ! B 1 1 8

R S - — e ' 1 1

1 1 T 1 1 | 8

1 1 i 1 1 1 1 B

. R 1

N 1 1

- 1. 1 1 2

A 1 (| 1 1 i i 8

1 1 1 1 1 1 T 11 8

_____ A | 1

I TS | AU | BRI | S— 1 1 1' 8

1 1 q 3

Al o 7 1 1 1 8

1 B _ " ) 1

1 4

— — !

{1 ] 1 1 3 7 7 8

L 1

— _l 1

 — ) e e’ I

3 1 Al 1 1 1 1 Al 8

- 1 1

- [N, PR U S— A 1

) 1

) 1 i I 2

(S TESUUTN DU SUS TR N N 1

_ Y U S 1 ' . 1

- - I 1 1

TR B . 1 .1 I 2

I8 1 1 i 1 | B

1 i 1 7 i 1 T 7 B

Total Sitey 16 13 12 14 21 21 16 1 132
lictal days | 5840 4745|4380 5110; _ 7665 7665 5840 6935 48180 48180
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Shutoff-loss per 12-HD. Figure 1" is a plot of the average annual and 3-year running average Shutoff-loss

per 12-HD for the 1991 through 1998 Water Years. It is based on the CVC's substitution process'’ for

identifying the additional spillage caused by 12-HDs. The laterals comprising the data used in each year are
listed in Table 2'2. The annual yearly Shutoff-loss per 1 2-HD values vary from a high of 0.279 AF during 1996
1o a low of 0.126 AF only two years later. This reduction is assumed to result from the additional swing shift
(2 P.M. to 10 P M.) zanjeros that were deployed by IID in 1998. As expected, the 3-year running average
displays a dampened characteristic, ranging from a low of 0.207 AF to a high of 0.252 AF. The CVC has
clected to use the 3-year running averages so the Shutofj-loss per 12-HD based on the 1998 Water Year data

is 0.225 AF (see Figure 1).

Assuming the average 12-HD hasa flow rate of 4.0 cfs, the average Shutoff-loss per 12-HD can be expressed
as an average spillage duration. The Shutoff-loss per 12-HD (using the 3-year running average) translates to
a range in flow duration from 38 1o 46 minutes. This compare favorably with the independent computation in
the Second Interim Canal Spillage Report, which is included as Appendix D in the Final Canal Spillage Report.
In that report it was computed to be 0 21 AF for the Verification Laterals (then 13 rather than 12) during the
3-year period ending June 30, 1997. That computation was based on an assumed “response lag time”, which
represents the average mismatch in the timing of lateral headgate adjustment relative to closure of the farm
delivery gate when a 12-HD is shut off. The response lag time was assumed to be between 30 and 90 minutes,
depending on the time of day, with most 12-HDs falling into the period assumed to have a 30-minute response

lag time.

Non-Intercepted Laterals. As mentioned above, the Shutgff-loss per 12-HD is only applied to 12-HDs
served from pon-intercepted laterals. The laterals that are not intercepted are listed in Table 3. '

10 Figure 1 is the same as Figure IV-7 in the above mentioned Final Canal Spillage Report.

1 Annual spillage volumes are computed for conditions that would exist if 12-HDs had not been used.
To do this, lateral spillage-day types on which spillage could have been affected by 12-HDs are
substituted with the spillage-day types that would have occurred if 12-HDs had not been available.
Annual spillage volumes are re-computed using the mean spillage rates for the substituted spillage-
day types. The computed “without-12-HI)” annual spillage volumes are subtracted from the
computed “with-12-HD” annual spillage volumes to determine the volume of spillage caused (or
induced) by 12-HDs on each monitored lateral during each Water Year. These volumes are then
totaled for all monitored laterals, and this total volume is divided by the total number of 12-HDs they
served during the Water Year to obtain the Shutoff-loss per 12-HD (see Final Canal Spillage

Report).

12 Table 2 is the same as Table TI-1 in the above mentioned Final Canal Spillage Report.
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Table 3. Imperial Irrigation District

Table . Laterals that are not intercepted.

Laterals that are Not Intercepted Either Naturally or by Lateral
Interceptor Projects (as of July 1999).

canal_name canal_namne canal_name | canal_name
ACACIA . FILLAREE [NEW SPRUCE SOUTH ALAMO
ALAMITOS IFLAX IINILAND EXTENSION __ |[SOUTH DATE T
ALDER "FORGETMENOT INILAND LATERAL 1 STA
ASH o __|FoxclLove HNILAND LATERAL 2 STANLEY (& LAT 1)
BARTH _ e T TTT|NILAND LATERAL3 T
BEECH ______ |[GUNTERMAN |NILAND TATERAL 4 |ITRIFOLIUM EXTENSION
BES . _H T IINILAND LATERAL 5 TRIFOLIUM LATERAL 1
BEST o lHEMLOCK " TINILAND LATERAL 6 TRIFOLIUM LATERAL 13
BIRCH HHL ~_ |INORTH DATE TRIFOLIUM LATERAL 14
BIRCHLATERALY WL %o T [TRIFOLIUM LATERAL 15
[BIRCH LATERAL 2 (P-2) JHOLT OBRIEEN TRIFOLIUM LATERAL 16 _
|BIRCH LATERAL2-A |l JOAK u o
IBIRCH LATERAL3 “ [OAKLEY VAIL LATERAL 1
BRIAR K [GCCIDENT _|IVAIL LATERAL 2
BRYANT _ [OHMAR - VAIL LATERAL 2-A
IIC-WEST LAVENDER IOLEANDER VAL LATERAL 3
|[COACHELLA [ AVENDER LATERAL 1 [[OLIVE VAIL LATERAL 3-A
ID-WEST ) LILAC ~ I|ORANGE VAIL LATERAL 4
IDAFFODIL ILOTUS ORCHID . VAIL LATERAL 4-A
[IDAHLIA M ORIENT {IVAIL LATERAL 5
DOGWOOD IMAGNOLIA ORITA IVAIL LATERAL 5-A
l E - [MALAN _|losAGE IVAIL LATERAL 6
EBONY MALVA LATERAL 1 llosm (VAIL LATERAL 7
EHL LATERAL 10 IMANSFIELD OXALIS W
|[EFL LATERAL 11 {IMAPLE P WALNUT.
EHAL LATERAL 12 MESA LATERAL2 IPAMPAS WISTERIA
EHL LATERAL 13 MESA LATERAL 3 PANSY WISTERIAP-1
EHL LATERAL 14 MESA LATERAL 3-D  PEACH JIWISTERIAP-2
ENLLATERAL 16 [MESALATERALA4 POE L WOODBINE
EFLLATERALS  |MESALATERALS  _ [Q WOODBINE LATERAL 2
EHL LATERAL 6 |MESQUITE IR WOODBINE LATERAL 3
EHL LATERAL 7 IMGA R SIDEMAIN WOODBINE LATERAL 4
ENLLATERALS |MLA REDWOOD WORMWOOD
EHL SIDEMAIN —  [MOORHEAD T IRICE__ X
B T Moss IROSE Y ‘I
MUA ROSELLE ~ YULE |
~|MULLEN TTRSS Tl
MUNYON . "IRUBBER . N
MYA S R T
|MYRTLE © SANDAL
"'N" e e S o
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ALLOCATION OF 12-HD SAVINGS BETWEEN PROJECTS 9 AND 15

A portion of the Net Conservation Savings associated with the 12-HD Program is aliocated to Project 15,
System Automation. As mentioned earkier, this is done because without the automated facilities provided under
Project 15, it would not be both practical and possible to service the large number of 12-HDs without causing
excessive delivery fluctuations at farm turnouts and excessive lateral spillage. Thus part of the Reduced Farm
Delivery (12-HD) and part of the Induced Lateral Spillage is allocated to Project 15. Relative costs are used
as the basis for the proportions allocated to each project as described below. (The cost data utilized below is

for the 1998 calendar year.)
Annual Cost of Automation to Provide Flesible Deliveries

Operation and Maintenance Costs. The main System Automation components of Project 15 that are relevant
to providing more flexible deliveries to farm turnouts include:

i, The automatic drop leaf gates in the check structures along the lower reaches of the Westside and
East Highline Main Canals;

ii Theautomatic regulating and pumping facilities associated with the offline storage reservoirs along
the three main canals;

i Theautomaticregulating and pumping facilities associated with the lateral interceptor system storage
reservoirs; and

iv Theassociated portions ofthe District-wide water management communications and control systems
and the related portions of the Water Control Center.

These items are capital intensive and there is also a significant annual operating and maintenance cost
associated with them. As of the end of 1997 the actual capital cost of facilities that arc directly related to
providing the flexibility needed for the 12-HD Program (and other 24-hour order flexibility being offered by
TID) was estimated 10 be $5,004,331 expressed in 1988 dollars®. This compares to a total capital cost for
automation of $11,310,012 expressed in 1988 dollars. Thus the ratio of the part attributed to providing delivery

flexibility to the total is:
$5,904,331/% 11,310,012 = 0.522.

The total projected annual 0&M cost for all Project 15 facilities as of 1998 was approximately $450,000.
Thus the portion of 0O&M costs related to providing flexibility is 0.522 x $450,000 = $234,900.

Capital Costs. To allocate conservation savings between Project 15 and 9 on a relative cost basis one logical
method is to use their respective anticipated annual costs for the current calendar year. This requires
annualizing the related Project 15 capital costs. To do this, Srst the cost in 1988 dollars must be escalated to

13 PBased on analysis of Program accounting records by IID and MWD staff as conveyed to the CVC
September 25, 1997.
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1997 dollars using the same construction cost index that was employed to deflate all capital expenditures back
to 1988 dollars. That rate has averaged 3% over the 1988 to 1997 period*. Based on a 3% index, the
mpound Amount Factor) for the 10 year period is (1 + 0.03)'® = 1.3436. Thus the
997 doliars for the Project 15 facilities that are directly refated to fiexibility is:

appropriate multiplier (Co
equivalent capital cost inl

1 3436 x $5,904,331 = $7,933,059.

The next step is to annualize the current total capital cost over then = 35 year life (following construction) of
the [ID/MWD Conservation Agreement. The appropriate multiplier (Capital Recovery Factor, CRF) for doing
this nsing an interest (or discount) rate’ of i = 8% is:

CRF =[i (1 +)"V[(1 +D)"- 1]
CRF = [0.8 (1 + 0.08)*}[(1 + 0.08)* - 1] = 0.08580

Thus the annualized capital cost is: 0.08580 x $7,933,059 = $680,656.

The projected 1998 O&M cost for all of the Project 15 facilities directly related to providing fiexible deliveries
is $234,900 (see above). Thus the total projected annual capital and O&M cost for the Project 15 facilities

directly related to providing flexible deliveries is:

Total Anmual Cost = § 680,656 + $234,900 = $915,556.

Annual Cost of Providing 12-HDs

The way Projects 9 and 15 are configured, the costs associated with having additional labor and their travel
(zanjeros, night patrolmen, hydrographers, and office staff) to manage the associated 12-HD water flow
changes are the only charges made to Project 9. (Thus Project 9 is only charged for the direct O&M related
to making the 12-HD flow changes because the necessary automation bardware and communication facilities
provided by Project 15 are not included.) This direct Q&M cost for 12-HDs is projected to be $1,512,800
during calendar year 1998, hich is $62/12-HD for the anticipated 24,400 12-HDs. The total projected 1998
capital plus O&M costs for the related system automation of $915,556, is equivalent to $37.50/ 12-HD. Thus

the total projected cost per 12-HD is $99.50.

4 By mutual agreement, D and MWD have used the U.S. Bureau of Reclamation composite
construction cost index (CCI) for computing comparable construction costs. Over the period 1988
to 1997, covering the majority of the Program’s construction activity, the composite CCI averaged
about 3% annually. Thus 3%, compounded over the 10-year peried, is used in this computation to

convert 1988 to 1997 costs.

15 By mutual agreement, IID and MWD have used a discount rate of 8% to compute equivalent annual
costs from capital costs.
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Allocating the Associated Conservation Savings

Based on the above, the total capital plus O&M cost for 12-HDs for 1998 is projected to be:
$1,512,800 + $915,556 = $2.428,356. Thus the portions (or ratios) of the Conservation Elements and
Consequential Effects Elements that should be assigned to each part of the combined (9 and 15) Projects are:

For Project 9:  $1,5 12,800/$2,428,356 = 0.623
For Project 15: $915.556/$2,428,356 =0.377

These values are used for computing the portioning of the Reduced Farm Delivery (12-HD) between the
Conservation Elements; and the proportioning of the Induced Lateral Spillage between the Conservation
Consequential Effects Elements of Projects 9 and 15 respectfully. It is not intended that the above portions of
623 % for the Project — 12-HD Program and the remaining 37.7 % for Project 15 - System Automation be

changed on an annual basis. Therefore, these proportions are set.
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ANNUAL CONSERVATION PROJECTIONS

The analytical procedures underlying the Annual Conservation Projections for the 12-HD Program are
presented above. These procedures are used to calculate the Conservation and Consequential Effects Elements
for Project 9 and 15 (except for the Prevented Main Canal Spillage (Fx24-HD) for Project 15). The numerical
values are for the 1998 Water Year, which is the Current'® Water Year when this Verification Summary

Report was finalized.
Calculation of Conservation and Consequential Effects Flements

Conservation Elements. Thetotal Savings for each of the 27 Sub-sets of the Y2K Inference Model are added
1o obtain the Total Reduced Farm Delivery (12-HD) for the 12-HD Program for the 1998 Water Year (see
Table 1). This Total of 37,975 AF is then prorated between Project 9 and 15 as follows in accordance with the

ratio developed above:

Project 9: Reduced Farm Delivery (12-HD) = 0.623 x 37,975 AF = 23,658 AF
Project 15: Reduced Farm Delivery (12-HD) = 0377 x 37,975 AF = 14,317 AF

Consequential Effects Elements. To calculate the Conservation Effect Elements for the two projects, first
the appropriate number of 12-HDs must be determined. This is done by querying of the (Water) Delivery
Detail Data for all of the IID laterals that are not intercepted (see Table 3). A query for the 1998 Water Year
yielded 14,792 as the total aumber of 12-HDs that were served from non-intercepted laterals.

The next step is to calculate the Shutoff-loss per 12HD for the 1998 Water Year, which is the average value
for the 3 Water Years of 1996, 1997, and 1998 Details of the strategy for doing this can be found in the
CVC’s Final Canal Spillage Report (see Figure 1, Table 2, and associated Text). From Figure 1, note that the
three-year running average for the Induced Lateral Spillage per 12-HD , which is the Shutoff-loss per 12-HD

= (225 AF.
Then compute the following:
Total Induced Lateral Spillage (1 2-HD) = 0.225 AF/Event x 14,792 Events = 3,323 AF

The final step is to prorate this Total of 3,323 AF between Project 9 and 15 in accordance with the ratio
developed above as follows :

Project 9: Induced Lateral Spillage (12-HD) = 0.623 x 3,323 AF=12,070 AF

Project 15: Induced Lateral Spillage (12-HD) = 0377 x 3,323 AF = 1,253 AF

16 Pertaining to the most recent Water Year for which there is a full year of data available in the
(Water) Delivery Detail Dara.
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Conservation Projection Based on 1998 Water Year Data

After the end of each Water Year a projection of the Net Conservation Savings is made for the upcoming
Calendar Year, For instance, the data uscd in the example calculations presented herein were based on 1998
Water Year data, thus the Net Conservation Savings based on the estimates of the Conservation and
Consequential Effects Elements developed above would normally have been the same as the 1999 Conservation
Projection for Project 9 — 12-Hour Delivery (12-HD) Program.

The above Conservation and Consequential Effects Elements are tabulated in Table 4, which is in the same
tabular form as they would appear in the CVC’s annual report titled, Projected xox Water Conservation
Savings With Supporting Documentation form Project 9-12-Hour Delivery (12-HID) Program. However,
because of minor adjustments in the queries and algorithms that have been made since issuing the 1999
Conservation Projections, ihe estimates of the Reduced Farm Delivery (12-HD) and Induced Canal Spillage
(12-HD) presented in Table 4 are not guite the same as in the CVC’s 1999 Annual Report. Thus to avoid
confusion, with the previously submitted Conservation Projection, which is called the “1999 Conservation
Projection”, the estimates presented in Table 4 are referred to as “Conservation Projection Based on 1998

Water Year Data”, which is 21,750 AF for Project 9.

FINAL DRAFT June 30, 1999
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Table 4. Project~ 12 hour Delivery (12-HD) Program Conservation Projection Based on 1998 Water
Year Data

ettt

Table 4

Project 9 -- 12-Hour Delivery (12-HD) Program
Conservation Projection Based on 1998 Water Year Data

Conservation Elements Consequential Effect Elements N?t
Savings
Description (AF) Description (AF) (AF)

Reduced Farm Delivery Induced Main Canal Spillage
(12-HD) P 23,658 |(12-HD) 72 0

Induced Lateral Spillage

(12-HD) 72 2,070
Total 23,658| Total 2,070 21,588
Conservation Projection Based on 1998 Water Year Data 21,590

Notes:
*1 5ee details following page.

Projects 1, 4, 8 and 17.)

any reason at any of the four Program reservoirs that regulate main canal flow, that spillage is
deducted from the savings of the associated reservoir. Those spill sites are associated with

F%2 42.HDs result in additional lateral spillage compared to the operational spillage associated with
the 24-hour deliveries they replace. That additional lateral spillage is captured and conserved
where laterals are intercepted and the water can be stored for future use. Of the estimated
spillage that occurs from non-intercepted laterals due to 12-HDs during the water year
immediately preceding the calendar year for which the water conservation savings
made, 62.3 percent is assigned to Project 9 and the remainder to Project 15.

projection is

%2 Main canal spillage has been essentially eliminated through construction of the main canal
reservoirs under the HD/MWD Agreement and by IID prior to the Agreement. Therefore, itis
assumed that induced main canal spillage is zero. (However, if main canal spillage ocours for
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INDEPENDENT VALIDATION ANALYSIS

The Initial VSR provides independent backup for the conservation estimate derived from the individual
irrigation event based strategy that utilized the 1+10 Database of growet/irmigator's responses to the 1:10 12-HD
queries conducted during the 1994 Water Year. For the individual event based strategy, which is depicted in
the upper part of Figure 1 in Appendix A, the "inflow" differentials (for each 12-HD as compared to the 24-HD
it replaced) is estimated for each irrigation of any "field" receiving a 12-HD. Thus it is a "single event” based
strategy and the total conservation savings is the sum of the estimated conservation savings from each of the

12-HD events.

Two conservation savings estimating strategies were employed for the validation analysis, an analysis of finish
heads and an analysis of delivery-day differentials. These validation technigues were based on "multiple
event" strategies using “district-wide” differential “inflow” information and is depicted in the lower portion of
Figure 1 in Appendix A. The order and delivery information stored in IID's WIS files was used for the
yalidation analysis. The primary data source for this analysis was the most recent version of the "CFS Files"
created through a query of IID’s WIS files computer. These records include district-wide irrigation events for

the CFS Years from July 1, 1986 through June 30, 1998.

Earlier Independent Validation Analysis

Validation analysis for both Finish Heads and Delivery-day Differentials were developed using data for the
1987 through 1995 CFS Year data (see Appendix A, pages 22 through 27. This analysis was updated to
include data through the 1998 CFS Year (sce Appendix B, pages A-28 through top of A-32). However, at that
time the CVC elected to not use the data for the 1996 CFS Year for the Delivery-day Differential Analysis.
This was because it was radically different than the data from the years to either side of it in that there were
unusually high average 24-HD delivery rates'’, which may have been the result of the consolidation of the IID
Divisions and the initiation of the S-cfs Cap on 12-HDs. Subsequent to the presentation of the Updated
Independent Validation Analysis (see Appendix B) the WCMC requested that the CVC include the 1996 CFS
Year data and rerun the Delivery-day Differential Analysis. The results of this are presented below.

Update of Delivery-day Differential Analysis

An analysis of the CFS Files was made to separate the deliveries into three categories by annual delivery days
and AF delivered for each of the past nine 12-month periods (beginning with July 1, 1986 through June 30,
1998). The three categorics are: 24-HDs; 12-HDs; and combined 24-HDs and 12-HDs. The results of this
query of the CFS Files are presented in Table 5 (this replaces Table A-13 in Appendix B).

The total number of order days (ODs) has not changed very much during the study period (see Table A-13).
However, the average delivery per OD has decreased by approximately 0.21 AF/day (14.712 AF/delivery-day

17 ftis interesting to note that in 1996 the average delivery for 24-HDs was unusually high in spite of
the fact that it should have been decreasing considering the additional flexibility provided for 24-hour
deliveries. This may have been the result of the larger than normal areas in flat irrigated because of
unusually favorable hay and wheat prices, the consolidation of the 11D Divisions, the initiation of the
5 cfs Cap on the 12-HD Program, and uncertainties concerning future allocations of water.
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for 1987 through 1989 less 14.502 AF/delivery-day for 1990 and 1998) even though the average delivery for
24.HDs has increased over the jast nine years (see Table 5). This is practically the same as the difference
obtained in the Delivery Differential Analysis in the Initial VSR for Part I'%.

The average 12-HD would need to be 6.0 AF/day for the post-12-HD project average delivery per OD to be
the same as for the pre-project period. This is about 1.5 times the average volume delivered per12-HD, which
is an indication that farmers are not generally abusing 12-HDs by simply replacing their small 24-HDs with
12-HDs having twice the flow rate and only using them for half as long.

Assuming the characteristics of the remaining 24-HDs have not changed appreciably, the difference in the
average quantity of water, 0.21 AF/day, delivered per OD before the 12-HD Program began and during post
project period from 1990 and 1998 can be used to estimate the average annual savings associated with the
12-HD Program (or the average savings per 12-HD). To do this the 0.21 AF/day is multiplied by 176,035
delivery-days (the average number of ODs per year during 1990 and 1998) to obtain an average delivery
difference of approximately 37,000 AF between these pre- and post-12-HD Program periods. This delivery
difference of 37,000 AF can be divided by 18,634 (the average number of 12-HDs during the 1990 through
1998 period) to obtain an average gross on-farm savings of approximately 2.00 AF for each 12-HD.

‘The revised volume weighted average (or global) effective utilization, EU = 16 % for the 1:10 Grower
Database (sec Table A- 2). Thus the average annual net on-farm savings per 12-HD based on the above
analysis would be: (1-016)x200= 1.68 AF. This is approximately the same as the average net on-farm
savings of 1.76 AF/12-HD estimated for the 1997 data based on the latest inference model and including all
interceptor projects (see Table 5). However, it includes a very small reduced farm deliveries associated with

Tailwater Recovery Systems (TRS) since the 12-HD Program began.

Tt is interesting to note that in 1996 the average delivery for 24-HDs was unusually high in spite of the fact that
it should have been decreasing considering the additional flexibility provided for 24-hour deliveries. This may
have been the result of the larger than normal areas in flat irrigated because of unusually favorable hay and
wheat prices, the consolidation of the IID Divisions, the initiation of the 5 cfss caps on the 12-HD Program, and
uncertainties concerning future allocations of water. In view of this it is interesting to carry out the above
analysis by comparing the 1997 and 1998 data against the Pre-project period from 1997 through 1989 and the
again with only the 1998 data against the pre-project data.

1997 -- 1998 Comparison. The average delivery per OD has decreased by approximately 0.32 AF/day
(14.712 AF/delivery-day for 1987 through 1989 less 14.394 AF/delivery-day for 1997 and 1998), see Table 5.
Thus the average 12-HD would need to be 6.2 AF/day for the post-12-HD project average delivery per OD
10 be the same as for the Pre-project period. This is over 1.5 times the average 12-HD, which as mentioned
before is a strong indication that farmers are not generally abusing 12-HDs by simply replacing their small 24-
HDs with 12-HDs having twice the flow rate and only using them for half as long.

18 There are some discrepancies between the data presented in Table 9 in Appendix A and Table 5 for
1991, 1994, and 1995, especially for 1995. The CVC can not explain these discrepancies. Assuming
the data presented in Table 5 is +he most accurate, the average delivery per OD should have been

0.27 AF/delivery-day rather than 0.32 AF/delivery-day presented and used in the earlier analysis
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Multiplying the average reduction in delivery per OD of 0.32AF/day by 186,194 delivery-days (the average
pumber of ODs per year during 1997 and 1998) gives an average delivery difference of approximately
59,600 AF between these pre- and post-12-HD Program periods. Dividing this delivery difference of 59,600
AF by 24,151 (the average number of 12-HDs during the 1997 and 1998 period) gives an average gross on-
farm savings of approximately 2 47 AF for each 12-HD.

Using the EU = 16 94, the average annual net on-farm savings per 12-HD based on the above analysis would
be: (1 - 0.16) x 247 =208 AF. This is considerably higher than the average net on-farm savings of 1.76
AF/12-HD estimated for the 1997 data based on the latest inference model and including all interceptor projects
(see Table 5). However, it includes the full impact of the reduced farm deliveries associated with Tailwater
Recovery Systems (TRS) and the effects of the additional flexibility IID now offers for 24-HDs.

1998 Comparison. Basedona comparison of the Pre-project period and 1998, the average delivery per OD
has decreased by approximately 0.66 AF/delivery-day (14.712 AF/delivery--day for 1987 through 1989 less
14.056 AF/delivery-day for 1998). The average 12-HD would need to be 8.8 AF/day for the post-12-HD
project average delivery per OD to be the same as for the Pre-project period. This gave an average delivery
difference of approximately 129,200 AF between these pre- and 1998 12-HD Program periods. Assuming,
4,700 AF is TRS water and 40 percent of the remaining difference is due to Fx24-HD savings, the difference
attributed to the 12-HDs would be roughly 75,000 AF. Dividing this difference by 23,985 (the average number
of 12-HDs during the 1998 period) and adjusting for FEU=16% gives an average pross on-farm savings of
approximately 2.63 AF for each 12-HD. This is considerably higher'® than the average net on-farm savings
of 1.76 AF/12-HD estimated for the 1997 data based on the latest inference model.

In view of the above considerations the update of the Delivery-day Differential Analysis provides strong
analytical and independent non-subjective support indicating that the estimated on-farm conservation
savings derived from the 1:10 Grower Database may be on the low or conservative side.

19 Part of this may be due to an increase in the number of small 24-HDs that serve the expanded
acreage irrigated with drip and solid set sprinkle systems. This would reduce the average 24-HD even
if the 12-HID Program were not in place and be partly responsible for the overall decrease in the

average AF/delivery-day.

12-HD Verification Summary Report (XB) FINAL DRAFT June 30, 1999
12-HD VSR 1999#1.wpd 35 Supercedes Sep/25/96 and Sep/8/98



AP/ RLOU wpeaeninl oUUF 06 AT YRYW

s el T T ons
_ - _
6L6'05L'C 686'981 cll'yl 295'042 586'EC 6448 LIY0OPSe ¥00ESE S85°51 _ 10U

2661, - 696, - /86 OAY,) 90UBIaYIQ) ‘OZis AJaAlap BbeIBAE [[EISA0 BU) L BUBYD OU 10} Jv 6/.°8 87 O) @AEY PINoM Oz} 8255 SU
8661, - £861 - 186} 9AY,) BIUBILY)

8865} _ 1ebit

IE82'6ELT ¥61°08}) 6168pL (Gl ve POE'08G 2 yy0'29l

pieeeL'e 0¥0's8l (AT 4
(266 - 0661 oAy, - 6861 - /1861 BAY,) 80US

8800 |

{8661 - 966 oAV, - 6861 - L86] SAY,) 8oUsI9)

e ey e

16L'€65'C___SOE'9LL ZLlbl___ BOLCLL ¥E0'8L 9109 z89'l8Y'Z__ 0/9'G) 674Gl _ 106
e e T oRS L o7y~ 5001 - 06} 0/\) 60UsIeNiq) ‘021 KIaAlj2p GDEISAG IEI8AD BU) Ui 9BUEUS OU Jo] 4 010°C 90 0} 9AR PIOM -z} Sbeiane 3u.
— e e eSS S

0120 (8661, - 0664 2AY, - 6861 - L85} BAY.) eousley

11E286C  |90€'9Lt 206 ¥l 16961 ¥e9'EL 2807 Z8giBYc  [0L9°4S) T 8661 - D661 0 SbEID

51L.'6.9'2  |v6L'9BL ol zac'ss -8 <4 00L°€ y9£'088'c  |ppO'ZaL 886'G) 8661 - L66} 0 obe.e.

sie'sos'z  |ovo'sel ¥29'pl 11666 gle've £98°€ '8z |9zL'09t £52°9) 8661 - 966 40 obeIa.

gog'esy's  |LE64L) 2l 867'99 pEL'GL arl'y gE8'OLY'Z  |EVL'9SL L6Y°G1 G661 - 0661 J0 a0BIS

coz'sse’z  |Ge£'29) 2L £86'288'7  |€42'29) LiLyL 696} - 2861 Jo0 obess
[Lie'seoz  [6BE98L 9G0'pi lese28 GB6'EZ 199°€ Livov5'e  |PO0'ES) 585Gl 8661
ELi'1eL'z  |66E°GBI LeL YL 2LL°08 91e've €ELE Lg'ove'z  |E80°I8L 1BE'DL 2661
LTs'esL's  [geLzal 580G} 50Z'€0} £Y9'H2 88y £8£'659'Z  |060'851 ¥81°9L 9661
ssg'hie’z  |veeasl SY9'pL 068'26 £rL'ze 561°% \EL'BIS'Z  |18L'SS) L2101 5661
orL'0.5'C  |ELL'BLL cragdt 816'18 81002 080°% isg'sst's |gs0'est 6EL'G) Y661
Zv0'eze’e  |Yiv'SS ¥0E'pL STy'89 Lov'sl zLy 20L¥51'T  |SLO'BEL 005G} £661
\EY'09E'T  |16%'29) 9z5'rL 109'69 Zre'st sty l6L'06z'T  |sas'ol 665°G1 z661
95g'/8¥'Z  [GHO'ELI 82€ ¥l 200'09 65L'v1 ziry L0g'izy'z  |958'88) Lz 1661
9lL'.p9'z  [865E8) 8Ly Pl S71'02 bpL'S 605°E 8Y6'929'  |L68'LLL 0LL'7b 0661
v92'209'Z  |BOELLL 86971 0 0 YIN ¥9z'209'7  |68E'LLL 869'v1 6861
\oE'esz's  |PGLvE Lzl ol I 8166 982'692'2  |EGL'YGH V2Ll 8861
0£2'882'Z  |1OV'SS) 6LLvL T |p06 €8l Lp6y 00v'Z82'7  |BLT'SS) LELbL 186}

(3v) EREERT (Rep/dv) (4v) sAeq I9pI0 {Aep/av) (4v) she@ 19pIO ep/4Y (0E aunr- 1 Ainr)
i=21s] ] 10 Jaqunn | Asalleq say [B101 j0lequiny | JAsAeq eay B0 J0Jaquiny | ABAlaQ 8AY eai 840
S3UBAIS OH-¢} PUB QH-PZ PAUIGIOD saLoNea QH-Z1. sauBNIed GH-PZ
5o6. pue L86| Uoomian SABP-AIBAISQ QH-21 PUE -1Z JO SISqUINN pue SIWNIoA Alleq
5., 8jqe]

wanur %




Imperial Irrigation District

Metropolitan Water District of
Southern California

Water Conservation Agreement

INITIAL VERIFICATION PROCEDURE
for estimating
NET ON-FARM SAVINGS RESULTING FROM
12-HOUR DELIVERIES
to obtain
REDUCED FARM DELIVERIES (12-HD)
for projects 9 and 15

Conservation Verification Consultants



Imperial Irrigation District

Metropolitan Water District of
Southern California

Water Conservation Agreement

INITIAL VERIFICATION PROCEDURE
for estimating
NET ON-FARM SAVINGS RESULTING FROM
12-HOUR DELIVERIES
to obtain
REDUCED FARM DELIVERIES (12-HD)
for projects 9 and 15

Conservation Verification Consultants

June 30, 15999
(reprint)



TABLE OF CONTENTS

PART I: NET ON-FARM SAVINGS

BACKGROUND . . . oo ine i s anaena oo an i ca e ma s 1
ESTIMATING THE NET ON-FARM CONSERVATION SAVINGS PER 12-HD EVENT . ... 2
Order Classification BQUations . .. ... vov o ovn v s oo oo 7
Screeming RUIBS . . .o vt vt et 8

BUffer RUIES . o v o o vvee oo oimm o mmnam s e sm s e 9
Effective Utilization (BU) .. .0 v vt e i sa i sne i 9

For Unspecified and "Other” answers and when t is less than 10.5 hours . . . . . .. 12

For "H Cluster” orders when t is greater than 10.5hours . ... . ... oo v v v e 12

Weighted averages and EU valuesused . . ... ..o vovnnnonoree 12

Estimating Conservation Savings ... ... ... oo 14
Sensitivity to Major ASSUMPHONS . ..ot v it v an e 15
Screening and buffer rule assumaptions . .. ... ... 18

EU criteria assumptions . . . . oo oot i e 18
INSTITUTIONALIZING ANNUAL NET ON-FARM CONSERVATION ESTIMATES . . ... 19
Net On-Farm COnservation . . .. oo v e e ee e oven e sonneaoen s 19
Improved inference model for estimating net on-farm conservation . . .. ....... 20

Rules Goverming Use 0f 12 . .. ..o it ni i e 20
INDEPENDENT VALIDATION ANALYSIS . . ... i 22
Finish Head (FH) ApalySiS ... ..o vronrnmmennmane oo 22
Delivery Differential Analysis ... . ... ooat i 25
Conservation Estimates from 12-Grower and 1:10 Databases . . . . ....... .o vvven 27

PART II: CONSEQUENTIAL SPILLAGE

BACKGROUND . . . i ivi i ima e msa e e maa s st s e e 28
NET CONSERVATION SAVINGS . ... .. ... oot 28
INCREASED LATERAL SPILLAGE .. .. ... ... oo 29
ANNEXES . . oot eemtiamaa i maa s {bound separately)
CVC (KB) Project 9 - 12-HD VSR Parts I & I & Addendum
12hd_vsr_I&II&addendum 2.cve i September 8, 1998 (Supersedes 01/25/98)



Form 1.
Form 2.
Table 1.
Table 2.

Table 3.

Table 4.
Table 5.
Table 6.
Table 7.
Table 8.

Table 9.

Figure 1.

CVC (KB)

12hd_vsr_l&Ti&addendum 2.cve ii

LIST OF FORMS, TABLES AND FIGURES

12-Hour Delivery Program - Questionnaire for Every Tenth Order .. ......
12-Hour Delivery Program - Zanjero Information . . . ... oo omevvvneens
District Wide Cropping Patterns for 12-Hour Deliveries . .... . .caaoeon.-

Comparison of 1-in-10 to District Wide 12-Hour Delivery Database Counts . . .

Profile of 1-in 10 Orders by Method, Order Class and Destination of

DA THOUT FEXCESS o v v v v v s v mmmem o b e e s
Computation of Effective Utilization (BU) Fractions . ........cooneeonn
Profile of 1-in-10 Database by Method and Order Class .. ... ..o ovv v
Sensitivity to Major ASSUMPHORS . . oo v v e
Summary of 1996 Net-On-Farm Conservation .. ...........oererer-o
Profile of 12- and 24-Hour Finish Heads and Non-Finish Head Events . ... ..

12-HD Conservation Savings Based on Delivery Sizes and Numbers .......

Comparison Between Verification and Validation Strategies for Net on-Farm

12-HD Conservation Savings . . . . .o v v v i

Project 9 - 12-HD VSR Parts I & II & Addendum

September 8, 1998 (Supersedes 01/25/98)



FOREWORD

The Initial Verification Summary Report (VSR) for the Part I: Net On-Farm Savings associated with the
12-Hour Delivery (12-HD) Program was finalized in September 1996. Since completing the Initial VSR
for Part T a number of changes have been made and/or have taken place in the 12-HD Program. To address
these changes an Addendum to the Project 9 12-Hour Delivery Report, Part I: Net On-Farm Conservation
Savings (Dated September 1996) has been developed and is included herein. The first DRAFT of the
Addendum was submitted to the WCMC at the Tune 20, 1997 meeting and discussed. However, at that
time the section on limiting the 12-HD savings was incomplete. A second DRAFT of the Addendum
containing a preliminary method for handling the growth of 12-HD usage and accounting for 12-HDs to
serve Projects 14 and 18 was submitted at the January 28 1998 WCMC and discussed. However, this third
DRAFT contains CVC’s latest strategy for handling the growth in the usage of 12-HDs, an updated
validation analysis, and an example computation for utilizing the a new inference model for determining
the net on-farm savings associated with 12-HDs.

‘While the 12-HD Program generates large on-farm conservation savings, the management of the 12-hour
deliveries results in additional lateral spillage compared to the normal operational spillage associated with
the 24-hour deliveries they replace. This additional spillage is captured and conserved where laterals are
intercepted and the potential spills are immediately available for use down steam or stored for future use.

In this VSR, Part II: Consequential Spillage associated with the 12-Hour Delivery (12-HD) Program is
very short and only contains the necessary information for estimating the consequential spillage. This is
because understanding and quantifying lateral spillage is an important aspect of conservation verification
for five projects in the ID/MWD Water Conservation Program., These are the three interceptor projects,
system automation, and the 12-HD Program. Therefore, it was most efficient to address lateral canal
spillage as a general issue because these projects either target canal spillage for conservation or cause
spillage to increase as a consequence of project operation as is the case for the 12-HD Program.

In view of the above the CVC elected to develop a separate study focused on canal spillage. The DRAFT
Report, Analysis of Canal Spillage in Imperial Irrigation District, dated September 1997 and revised in
1998 contains a full description of the strategies used in developing the study and essential outputs
resulting from it. Therefore, it was not necessary nor would it be efficient to include the details of that

work herein.

There are three important Annexes for the this VSR that are bound separately, these are: 1) The Main
Verification Report for Part I that contains the Underlying Data And Details; 2) The report on the 12-HD
Verification Procedures Seminar; and 3) The Canal Spillage Report provide. Coupled with this VSR these
reports provide a window into the full set of activities associated with verification of the water savings

associated with the 12-HD Program.
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PROJECT 9
12-HOUR DELIVERY PROGRAM
VERIFICATION SUMMARY REPORT

PARTI:
NET ON-FARM SAVINGS
(Final dated September 1996)

This Verification Summary Report is a condensed version of the Main Verification Report, Part I: Net On-
Farm Conservation Savings for Project 9. It lays out the strategies used in the full report but leaves out
much of the detail. It is designed for the reader who needs more information than would be covered in an
Executive Summary but does not wish or have time to explore all of the detail in the full report. The Main

Report is the Annex referred to herein.

BACKGROUND

Section I of the Main Report provides a description of Project 9, which is the 12-hour Delivery Program.
Tt also includes the background Ieading up to the current strategy and methodology for estimating the gross
and net on-farm water conservation savings associated with it.

Three different processes including the current one have been employed to estimate the on-farm or direct
conservation savings associated with Project 9. These processes all feature an event-based delivery
differential strategy (or approach} to estimate the gross conservation savings realized from each 12-hour

delivery, 12-HD:

Vc e qu_ e Vu

where:
Ve = gross volume of water conserved for a given 12-HD event, AF
Vo = e timated volume of water that would have been delivered for the event without the
12-HD Program (the without-project delivery), AF
Vi, = volume of water actually delivered for the event with the 12-HD Program, AF

This general strategy acknowledges that estimating the volume that would have been delivered, v, is in
effect an informed judgement of what each farmer would have done if only 24-hour deliveries were

available.

The CVC were asked to critique the first two 12-HD verification processes and the associated activities
in early 1993. The initial process relied on the judgments of the Water Clerks in each of the six IID
Divisions to specify the expected conservation savings, V., for each 12-HD. The second process involved
selecting 12 cooperating growers, two from each division, and having the Assistant Division
Superintendents query them to estimate the associated v, for each of their 12-HDs in that Division.

CVC (KB) Project 9 - 12-HD VSR Parts 1
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When the CVC was asked to do this, the program and its verification had been in effect for about 3 years.
Therefore, rather than proceed with development of an independent verification plan, the CVC choose to
conduct a critique of ongoing verification activities. As a result of this critique the CVC suggested that
a different data collection process be employed for estimating the conservation savings associated with each

12-HD event.

ESTIMATING THE NET ON-FARM CONSERVATION SAVINGS PER 12-HD EVENT

Section TI of the Main Report covers the development of the strategy and basis used by the CVC for
estimating the net on-farm water conservation savings, (v), associated with each 12-HD event. The
associated on-farm savings do pot account for the consequential effects of the 12-HD Program. The
process of reducing the inflow of water to the laterals in a timely manner to accommaodate the shut-off of
each daytime 12-HD potentially increases the lateral and main delivery system operational spills. These
consequential effects are dealt with in Parr II: Consequential Supply System Operational Losses, which

is a separate set (Main and Summary) of Reports.

In view of the CVC's concerns with using the data collected from the 12-Cooperating Growers to make
the (v.) estimates a new database and estimating procedure was recommended and initiated during the
1993-94 water year (beginning October 1, 1993 and terminated September 30, 1994). Instead of
concentrating on a few selected growers who were large users of 12-HDs, a random query was made of
all growers who placed 12-hour orders. To achieve this, each Division was asked to have its Water Clerks
count the 12-HD orders in sequence as they arrived and complete a special Grower Questionnaire (see
Form 1) for every 10th 12-HD order. This required querying the appropriate grower or irrigation

foreman.

The above procedure produced a random sample of 12-HD users and uses. Besides asking, "If 12-HDs
were not available, what would you have ordered for 24-hours?" they were also queried about what would
have been done with any excess water and why they were using 12-HDs. In addition to these special
Grower Questionnaires, a Zanjero Information sheet (see Form 2) to be filled out for every 12-HD order

was also developed.

Several Superintendents and Water Clerks as well as 12-HD users were consulted during the process of
developing Forms 1 and 2. The 1-in-10 ( 1:10) grower query program was begun in the middle of
September 1993 to allow for a period of adjustment/learning before the ful) year of data collection began.
During this learning period the CVC coached someone in each Division in the process required and revised

the forms to make them more "user friendly".

The data required for filing in the Zanjero Information sheets (Form 2) must be collected through the life
of the IID/MWD Conservation Agreement. This information is needed to keep track of 12-HD usage and
to obtain necessary information for estimating the associated water conservation.

The most common 26 (out of 106) crops represent 90 percent of the district-wide 12-HD use (see Table 1).
By comparing the 1:10 with the District wide counts it is apparent that the random sampling program was
quite successful. The 1:10 Grower Database appears to be proportionally distributed across methods,
seasons, Divisions, and crops (see percentages at bottom of Table 2).
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12hd_vsr_I&II 2.cve 2 September 25, 1996 (Supersedes 11/3/95)



13. Name of interviewer:
14. Total area served by this gate:

15.

17.

FORM 1

12-Hour Delivery Program - Questionnaire for Every Tenth Order

Serial Number
(Water Resources)

Order Informatien - From Order Slip

9. CheckOne:  AM PM

cfs 10.  Crop Code:

Date of order: 5. Start date;
Account No.: 6. Order:
Time of order: 7. Canal:

Division: 8.

Gate:

No. of days of delivery:

Il.  Grower:

12. Phone Num:

Interview Information

ALIES

Area to be irrigated with this order: .. acres

' ieeigationr—— OMIT THIS QUESTION —efs

If 12-hour deliveries were not available, what
would you have ordered for 24 hours—... ___cfs

Note: Enter the head value in cfs, or check one of
the appropriate spaces below if the grower says:

"half of the 12-hour order” H
“same as the 12-hour order” S

. Using this flow rate for 24 hours, do you think you

would end up with too much water for this
irrigation: No Yes

If yes, where would the excess water have gone
(check one):

___ Same field(SF) ___Directly to the drain(D)
___ Another field, same gate(S(3)
___ Different gate (DG)

___Back to canal (gate would have been closed) (C)

___ Other (specify).

CVC (DE)
trg>c:\1002\1in10int\grw_gst.doc

19.

20,

21

22.

23.

Why are you using a 12-hour delivery (check all
that apply):

___To improve irrigation performance (I)
____Save water (5)

____Convenience (C)

____Save Labor (L)

____Get better crop (B)

____Save Money (M)

___ Other (specify):

Would a 24-hour irrigation have suited your needs
(check one):

Yes No

Will this 12-hour delivery save you any water?

Yes No Don't Know
Comments:
Actual Delivery Date:

Project 9 - 12-HD VSR Pant |
September 23, 1996 {Supersedes 11/3/93)



FORM 2

12-Hour Delivery Program - Zanjero Information

Instructions
Please fill out one of these sheets for every 12-hour irrigation that you delivery. This information is very

important, so please be as accurate, neat, and complete as possible. We are asking you to fill this out because the
Zanjero is the person in all of IID that has the best handle on this field information.

For questions 1 through 6 and question 9, please fill in the correct answer. For questions 7, 8, and 10, just check
off the one answer that best applies. If you check off "other," then please fill in the blank. For questions 11
through 13, please enter the time in 24-hour (military) format. The start and end times may not be the time that the
farm gate was actually opened or closed. You may have to estimate the time that the delivery actually began
(started flowing through the gate) and ended. If the time was estimated, please enter a comment to indicate such

(see coded comments on back).

If the delivery was not backed out of the lateral heading, please enter a comment to indicate where the returned 12-
hour water went (see coded comments on back) Use question 14 to enter anything pertinent concerning the 12-
hour delivery that is not already included on this sheet. Several coded comments are provided on the back of this

sheet to make your paperwork go faster.

Field Information Zanjero Name:__
8. FinishHead:  Yes ___ No
I. Date of Delivery:
9.  CropCode:
2. Grower Name:
10. Irrigation Method (check one):
3. Canal Gate:
Flat (F)
4. Order Days:
Row (R)
5. Order Water: cfs
Sprinkler(S)
6. CFS Delivered (Rewrite value): cfs
Drip (D)

7. What is the purpose of this irrigation (check one):
Gated Pipe (G)

Crop cooling or freshening (COOL)

11. Delivery start time:

Germination (GERM)

12.  Time water was cut
Normal irrigation (IRR) from the lateral heading:
Fertilizer (FERT) 13. Delivery end time:
Transplanting (TRAN) 14, Zanjero Comments:

Pipe skidding (SKID)

Flood, leach, or bed prep (FLD)

Other (specify):

CVC (DE) Project 9 - 12-HD VS8R Part |
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Table 1
District-Wide Cropping Patterns for 12-Hour Deliveries
I Data from 10/93 through 9/94
Crops Listed in Order from Most Frequent to Least Frequently Reported
Percent Cummulative
l No. Crop Count of Total Percentage |
1 [ALFALFA _ 2651 13.86 13.86
l 2 [LETTUCE 1673 8.75 22.61
3 |SUDAN GRASS 1266 6.62 29.23
4 [CARROTS 1235 6.46 35.68
5 [ONIONS 1215 6.35 42.04
' 6 [WATERMELONS 844 4.41 46.45
7 IROWALFALFA 841 4.40 50.85
8 [CANTALOUPES, SPRING 644 3.37 54.21
l 9 [WHEAT 589 3.08 57.20
10 |BERMUDA GRASS 584 3.05 60.35
11 |VEGETABLES, MIXED 555 2.80 63.25
' 12 |FLOODING 521 272 65.97
13 |BROCCOLI 511 267 68.64
14 |SUGAR BEETS 475 2.48 71.13
15 |[ASPARAGUS 456 2.38 73.51
I 16 [ONIONS (SEED) 426 2.23 75.74
17 |BERMUDA GRASS (SEED) 383 2.00 77.74
18 |CAULIFLOWER 382 2.00 79.74
l 19 |PASTURE, PERMANENT 378 1.98 81.72
- 20 {PEPPERS, BELL 375 1,96 83.68
21 [TOMATOES, SFPRING 337 1.76 85.44
22 {EAR CORN 266 1.39 86.83
l 23 |POTATOES 197 1.03 87.86
24 [CABBAGE 182 0.95 88.81
25 [LETTUCE, ROMAINE 178 0.93 89.74
' 26 |RYE GRASS. 174 0.91 80.65
75 Other Crops 1788 9.35 100.00
' Tota! 19126 100.00 n/a
CVC (DE) Project 9 - 12-FID VSR Part 1

trg>cA\1002\1in10\b_fnlib wbl 5 September 23, 1996 (Supersedes 11/3/95)




(6/€/11 sopas1adng) 0661 *$7 10quddog 1y GG gRO L RZOnTvo<En

] Hed USA (IH-Z1 - 6 193fo1d (3Q) DAD

efu 0'00L (00D Jeju L0 9l B/u Zye g |eu 'gE  |6°CC [BAU 22Ze |82e |eju g6 ¥'6 [Ejo jo Juadla

L'g 9zZ161 {9591 (L'8L |6EL gz £'g ZegF  |ome g'g GZEQ [PPSO g GSL9  (¥FS £8 .81 954 |ejol
Ll GLEY |GEE 005 ¥ [ g2 givl [LLL A 2651 |0ct LA $66 £8 2’6 LO¢ 13 PUBLIOUWISIAA
6. £P05  |66E PEL 161) 9i g'g 28l 0% L'l Skl |0LE G'g B¥GZ joid 5t 861 i jsemyInosg
L'OF  jES6Y 100§ 0001 |2 [4 0'8 Lysl |ECi 8’0l  [SEvL |¥SE ObE  1p0ZL 12€L &L |GiL 68 S[JIAHOH
L'L £62¢ (¥ii vl L i g'L 005 5€ 69 PTOL LL Ll 4] oy ik 02 £C BUjEAHED
66 20se  {8ve il L G 2GSl ISy (€9 - iy'0L 658 68 [4° 188 EL ¥'s yEE 8 Ag|melg
N uoisiAIQ

L'g 9z161 {9591 (L'8F i6€} =14 €8 ¢E9b |9BE g SCe9 |ppS. |88 SGl9  |tS £'8 Sig81 |95} jeiol
¥'6 g¢iy |BEE L9 Si L 69 1992 |lg¢ L'6 161 LL 2'bE 516 89 23 122 g %8Q - 180
7’8 F98E | PCE L0288 |2t L9 0eg 85 8. 251 65 68 gg1Z (26l LA 89 g deg - |np
L' 8895 LIS G'ZZ 0¥ 6 G 981 yi 28 6461 6.1 0’8 LB |88l ¥'6 9gglk (2} unp - Jdy
8L arys  |i2¥ 6L |92 14 £ 696 6L £'8 1612 e8¢ 0L 122y |98 5'g Lyd T4 yoleyy - uep
LOSeag

% iasia [g)-u-bl Y psia QLU %  Twmsajour] % [ Rwsia Jopur-L] Y [ einsa [op-u-il 9 Twasiaol-ui-j| isjaweleg

paudadsun Japjudg P3jeD § MOy 1eld daug
|ejoy POUyIsN
sjunoy aseqeje( AJaAljOQ JNOH-Z 1 9PIM-I0MISI(] 0} 0l-ul-| jo uosuedwon
colgqel




G R N EE W N E Ty B O EBE EE T IR T W = e

The procedures used for estimating the water conservation savings associated with 12-HDs were developed
by analyzing the data gathered through the 1:10 Grower responses and the Zanjero Information sheets.
The analysis was tempered by the information gained from interviews with 20 growers who utilized
12-HDs. ‘The original analysis was then independently revisited and an additional 7 growers were
interviewed to focus on areas in the original analysis and interviews that needed further clarification and

possible modification.

Two basic assumptions implied in the procedure used to estimate the net on-farm conservation savings
for each 12-HD event, (v.), are: 1) only 12-HDs for agricultural irrigation are considered; and 2) each
12-HD would have had (or replaces) a corresponding 24-hour delivery, 24-HD. The procedure used
to estimate the average (v.) values from the information contained in the 1:10 Grower Database involves

six steps:

1. Classifying the 24-HD responses;
2. Applying a set of screening rules;
3 Adding a small amount of "buffer” water to 24-HD responses that are "Half" of the

12-hour order;

4, Estimating the probable effectively used portion, Vgy, of the excess water that would have
been delivered to fill the "corresponding 24-HD" that the 12-HD was assumed to have
replaced;

5. Computing the net on-farm water savings for each individual 12-HD event,

(Vo) = (Vg - Vip - Vgy); and
6. Developing weighed averages by summing the individual (v,) values for each 12-HD event
and dividing by the number of like events.

Order Classification Equations

Orders were separated into classes and grouped into clusters in accordance with the flow rate in cubic feet
per second (cfs) the growers ordered for each 12-HD, and their responses to the interview question "If
12-hour deliveries were not available, what would you have ordered for 24 hours?” (see Item 17 on
Form 1). This was done to group and cluster the 12-HD orders in accordance with the respective 24-HD
that would have been ordered if 12-HDs were not available. The various order classes represent the
sizes of the 24-HDs that were replaced compared to the sizes of the 12-HDs that replaced them.

The main 12-HD order classes were: Half or "H Class" orders when the growers said their 12-HD
replaced a 24-HD order that would have been exactly half of what they ordered for 12 hours; half or "h
Cluss" orders when the 12-HDs were a little more than half of the 24-HDs they replaced; Same or "S
Class" orders when the 12-HDs replaced 24-HDs that would have been exactly the sarme; and Minimum
or "M Class" orders that fall between "h and S Class” orders. Too Low or "L Class” orders are
12-HDs that are more than double the estimated 24-HD flow rates the growers said they replaced, thus
they are smaller than "H Class" orders, but treated as "H Class"” orders.

This grouping was considered necessary for dealing with buffers and estimating the effectively utilized
portion of excess water that would have occurred with the replaced 24-HD deliveries prior to the 12-HD
Program, A small amount of additional or "buffer" water was added to "H Class" orders according to the
procedures discussed in the following sections. Furthermore, the order classes were grouped into an "H
Cluster” made up of "H and h Class” orders and a "S Cluster made up of "M and S Class” orders. This
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was done so the effective utilization of the greater amount of excess water that would have occurred (prior
to the 12-HD Program) as a result of having "M or § Class" orders as compared to "H or h Class” orders

could be treated differently.

Another reason the 12-HDs were divided into classes was for analytical purposes. For example,
comparing the numbers of "H and h Class” orders used for different purposes provided a basis for deciding
on the size of buffer to add to the "H Class” orders. Studying the minimum or “M Class" orders provides
insight into the minimum flow rates required for certain site conditions.

Screening Rules

Screening rules were applied during the process of computing the net on-farm conservation for each 12-HD
event, (v)). The purpose of these rules is to provide a standard system for interpreting the 1:10 Grower
Database and utilizing the data to compute the (v)) values. Seven screening rules were used to either
remove events where the grower replies were inadequate or to assign values to the 12-HD and
corresponding 24-HD orders in a systematic manner based on the growers' replies. Section II of the Main
Report includes each of the screening rules and the rational for them. Examples of the screening rules are:

1. Remove events from the 1:10 Grower Database where no numeric or verbal value ("Half"
or "Same") is given for the corresponding 24-HD order, ie., no response is given for the
question "If 12-HDs were not available, what would you have ordered for 24 hours?”

Rational:  Without a value for the corresponding 24-HD there is no basis for a savings
computation.

2. If a numeric value is not given for the corresponding 24-HD, then whenever the grower
reported "Half" let:

24-HD order = (12-HD order)/2
and whenever the grower reported "Same" let:
24-HD order = 12-HD order
Rationale: The interviewers were instructed to check either "Half" or "Same” in place

of providing numeric answers when growers said that their equivalent 24-hour
order would have been either "Half" of or the “Same” as their 12-hour order.

Buffer Rules

As mentioned above, some of the 1:10 growers queried said they would have only ordered balf as much
water for a 24-HD if 12-HDs were not available. This was in part because they and the Order Clerks were
given the option to either specify the corresponding 24-HD in cfs or say or record "Half".

When they specified half of the 12-HD fiow rate (cfs) for the 24-HD order it was assumed that a small
quantity of water would/should normally have been added to about half of the orders as a buffer to provide
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a margin of safety in case the delivered flow rate was a little less than the ordered flow rate. In the case
of pressurized systems a flow buffer is often desired to assure that there is sufficient flow so the pump does
not run short of water and loose prime. In the case of surface systems a time buffer is sometimes
considered necessary to reduce the risk of the 24-HD flow rate not being sufficient to complete the
irrigation within the 24-hour normal shut-off time. Typically, zanjeros allow up to 2 hours of extra time,
je. up to 26 hours total, but for most "H Class" surface irrigation orders a small buffer is still very useful.

From an inspection of the many “h Class” orders for which the growers included a buffer, it was deduced
that the minimum appropriate buffer should be an additional 0.25 to 0.5 cfs for either pressurized or
surface irrigation systems. From the grower interviews it was concluded that about two-thirds of the "H
Class" orders would have been buffered. Thus it was decided it would be reasonable to add a 0.25 cfs
buffer to all "H Class” orders except for surface systems when t < 10 hours. The logic used for
eliminating the buffer for surface systems when t < 10 hr is that if the irrigation is finished in less than
10 hr, the irrigator would have probably known a buffer was not needed.

Effective Utilization (EU)

It was assumed that a portion of the estimated gross on-farm conservation from a given 12-HD, (vz, - Vi2),
may have been effectively used. To account for this, Effective Utilization (EU) percentages were
developed for each type of 12-HD order and the gross on-farm conservation savings were reduced by
multiplying them by (1.00 - EU/100) to obtain the net savings. The EU percentage was developed from
the answers given to the following two part question (see Item 18 on Form 1):

Part 1:  "If 12-HDs were not available, with the flow rate you indicated you would have
ordered for 24 hours do you think you would end up with too much water for this
irrigation?”

Part 2: “If yes, where would the excess water have gone ? (Growers were given the following

choice of destinations: same field, SF; directly to the drain, D; another field, same
gate, SG; different gate, D@G; back to canal, C; or other.)"

To analyze the responses to thig two part question, the 1:10 Grower Database was separated into two
clusters as mentioned above (each representing approximately half of the sample): the “H Cluster” ("H and
h Class"); and the "S Cluster” ("M and S Class") orders. The responses for only 351 or about 20 percent
of the total indicated that there would not have been excess water. A total of 646 of the responses (39
percent) indicated that there would have been excess water, and that it would have been returned to the
canal. A total of 385 of the responses (23 percent) indicated that the excess water would have been sent
directly to the drain. Other possible responses did not represent large portions of the sample (see

Table 3).

The judgments of the growers interviewed as well as those of JID field and management personnel at both
the division and district levels were integrated in the process of assigning the EU percentage for the
responses to the above two part question.

For Part 1 "Yes" answers, The EU percentages assumed for the various possible destinations of the 24~
hour excesses (see Table 4) and the logic underlying each of them is:
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« Destination Drain (D);
EU = 0% because drainwater can not be effectively used (see column B in Table 4).

» Destination Different gate (DG);
EU = 50% because of canal losses, and the indication from the CVC's grower interviews that

the efforts to utilize the moved water often required applying unplanned irrigations on
"standby" fields or irrigating some fields prematurely (see column B in Table 4).

« Destination Same field (SF);
EU = 10% because growers indicated in the CVC interviews that irrigators would often "re-
irrigated the same lands” or essentially over-irrigated with the excess water. This type of over-
irrigation is assumed to result primarily in increased tile drainage and not have significant
agronomic benefits (see column B in Table 4).

« Destination Different field, same gate (3G);
EU = 50% for reasons similar to those given for the DG category (see column B in Table 4).

« Destination Back to canal (C);
average EU = 5% for "H Cluster" orders and 7% for "S Cluster” orders (see column F in

Table 4). These averages were developed as follows:

During the CVC grower interviews many growers indicated that prior to the advent of the
12-HD Program canal returns were not common. Thus it was concluded that the answers
indicating © were not a valid representation of what would have been possible without the
12-HD program. In view of this the following basis was used to obtain the EU value: 1) It was
assumed that on average, 25% of the cases with © responses would have remained and been
used on farm, with an EU similar to the weighted average EU for the respective (D), (DG),
(SF), and (SG) designations; and 2) An EU of 5% was assumed for the remaining 75% of the
® responses (see columns C, D, and E in Table 4).

For Part 1 "No" answers. AnEU = 50% was assumed for the "S Class” orders, ie., where the grower
indicated that the corresponding 24-HD order would have been the same as the 12-HD order but there
would have been "no excess” water (see column B in Table 4), This was done because about half of them
were thought to represent 12-HDs that did not result in excess water when compared to 24-HDs (such as
two consecutive 12-HDs); and the other half did result in excess water. Thus it was assumed that about
half of the growers did not give accurate answers; either because they misunderstood the question, took
the question out of context, or did not put sufficient thought into their answer. Another possibility is that
when the grower said there would be no savings, the planned destination for the unneeded water was (SG)
or (DG), which in either case would have an EU = 50%.

The weighted average EU percentage (excluding the "S Class"/"No" sub-sample) for both clusters was
assumed for the remaining counts with "no excess” answers. That is EU = 6% for the "H and h Class"
orders and 9% for the "M Class" (see column G in Table 4).
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For Unspecified and "Other" answers and when t is less than 10.5 hours. For the unspecified and
nother” answers the weighted average EU percentage was used for both clusters. That is EU = 6% for
the "H Cluster" orders; and 9% for the "S Cluster” orders (see Column H in Table 4).

For "H Cluster” orders when t is greater than 10.5 hours. For the "H Cluster" orders it was assumed
that no effective utilization would occur (EU = 0) for durations greater than 10.5 hours {(see column H'
in Table 4). This is because the only water that could be beneficially used is water from early shut-offs.
Also in these cases it was assumed that the equivalent 24-HD would have lasted for approximately 24
hours (would not be shut off early). Therefore, any excess water would be buffer water that can not be
"effectively utilized" because it would not be dependable or only occur for a relatively short duration.

Weighted averages and EU values used. The 12-HD 1:10 Grower Database includes 1656 entries.
Columns H and H' in Table 4 show the EU percentages used for the numbers of counts or events of the

various types indicated in column A, The global weighted average 12-HD order = 4.26 cfs and the
global volume weighted average EU = 12% for the 1:10 Grower Database (see Tables 3 and 4).

Estimating Conservation Savings

The general equation for estimating the net on-farm conservation savings associated with each 12-HD
event, (v, is:

A. For (t,, x Q,,) greater than tx Q)
(v) = (1/12.1)( 1 - HBEU/100)[(tys X Qua) - (t x Q1]
B. For t,, x Qy, less than or equal to (t x Qy);
(v) = 0, when t less than 14.5 hours
and

(vo = (1/12.1)( 1 - ZEU/100)[(24 x Q,,) - (t x Q,p], when t greater than
or equal to 14.5 hours

in which:
V) = estimated volume of water conserved for each 12-HD event, AF
EU = estimate of excess 24-HD water that would have been effectively utilized, %
Q, = estimate of probable 24-HD rate of flow if 12-HD was unavailable, cfs
t = actual duration of each 12-HD irrigation event, hr
b = 24 for all "M and S Class" orders, hr
24 for "H and h Class" orders for t < 12 hr, hr
2 xt for "H and h Class" orders for t > 12 hr, br
Q, = rate of flow delivered, Q,, to fill the 12-HD order, O,,, as estimated by the
zanjero/night-patrolman, except where no Q, is given or Q, deviates more than
+ 25% from O,,, in which case Q;; = Oy, cfs
CVC (KB) Project 9 - 12-HD VSR Parts |
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The entire 12-HD database generated from the 1:10 grower queries was analyzed to estimate the net on-
farm copservation savings associated with each 12-HD event, (v,). The results of this analysis are
summarized in Table 5. The results for each method of irrigation and order class along with the respective
order counts, durations, and sizes and the respective savings are summarized in the top five windows.
Average savings for each of the irrigation methods were used in developing an inference model for
estimating the conservation savings for the district-wide use of 12-HDs. The averages for each order class
and the overall averages for the entire 1:10 Grower Database are summarized in the bottom window.

In addition to providing data for the inference model the table provides a profile of 12-HD use, order sizes,
and savings. For example, it is interesting to note that: the average duration is almost 12 hours; the
average "S Cluster” order is only about 3.5 cfs while the average "H Cluster” order is about 5.0 cfs;
however, the average savings from "H Cluster” orders is about 1 AF while it is nearly 3 AF for "S

Cluster" orders.
Sensitivity to Major Assumptions

A number of assumptions associated with the different types of 12-HDs were made in developing the
estimates for the conservation savings from the 1:10 Grower Database. The various assumptions or
conditions are associated with the Screening Rules, Buffer Rules, and Effective Utilization Criteria. Each
of the assumed conditions was tested by analyzing the effect (as a percentage increase or decrease) that
using alternate values (or tested conditions) would have on the Total Net On-Farm Conservation Savings
computed for the entire 1:10 Grower Database (see Table 6).

The right hand column in Table 6 shows the effect (as a + or - percentage) on the Total Net On-Farm
Savings based on the average savings of all events in the 1:10 Grower Database. From an inspection of
these it is evident that the Total is not very sensitive to any single assumption and it has been concluded
that the assumed conditions are reasonable. Furthermore, it was decided that it would be best to use the
assumed conditions because they do provide a means for keeping the 1:10 Grower Database as large as
possible (with 1656 events) to develop the inference analysis for making Total Net On-Farm Water
Conservation Savings projections in future years.

The meaning of the flow rate and volume terms (or symbols) used in Table 6 are as follows:

Qd is the 12-HD flow rate delivered in cfs;

012 is the 12-HD flow rate ordered in cfs;
Q12 is the 12-HD flow rate in cfs used in calculating V12 the volume of water delivered in AF;

024 is the 24-HD flow rate in cfs that the grower said he would have ordered if 12-HDs were not

available;
V24 is the volume of water in AF that would have been delivered by the 24-HD order that was

replaced by the 12-HD order; and
Ve is the net on-farm volume of water in AF conserved by each 12-HD event.
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Screening and buffer rule assumptions. The first 5 Items in ‘Table 6 involve the screening and buffer
rule assumptions. The logic for each of the assumed conditions is presented under "Screening Rules" in
Section 1I of the Main Report. Following is a listing of each Assumed Condition and the Tested
Conditions with the logic underlying them:

1. The assumed condition is that "L Class" orders be treated as "H Class" orders; and the
tested condition is to remove them from the database because they are illogical events.
The impact, for example, of doing this would be to increase the Total Net On-Farm
Conservation Savings by 0.9%.

2a. The assumed condition is that when Qd is not given, then Q12 = O12 and t is the actual
duration of irrigation (the ending time - the starting time); and the tested condition is to
remove these events from the database because Qd is unknown.

b. The assurned condition is that when the absolute value of [Qd - 012}/012 is greater than
0.25, then Q12 = 012 and t is the actual duration; and the tested conditions are to either
remove these events from the database because there is too much difference between 012
and Qd, or to let Q12 = Qd and t be the actual duration because that is what took place.

c. The assumed condition is that when Q12 is not given or the absolute value of [Qd -
012/012 is greater than 0.25, then Q12 = O12 and t is the actual duration; and the
tested conditions are to either remove these events from the database because there is too
much difference between 012 and Qd, ortolet Q12 = Ol2 and t = 12 hours because that
was the actual intent when the order was made and is the basis under which O, was
estimated and thus V24 is computed.

3. The assumed condition is that when V24 is less than V12 (which only occurs for "L, H,
or h Class” orders when the duration, t is 13 or more hours) then Q12 = 024 but Ve =
0 if t is less than 14.5 hours; and the tested conditions are either to remove these events
from the database because these 12-HDs would produce impractical negative savings
values, or to let Vo = 0 if t is less than 13.5 hours because for the "H cluster” of orders
that would be equivalent to having the replaced 24-HD for 2 x 13.5 = 27 hours and a 3-
hour overrun is as long as would be allowed.

4, The assumned condition is that when the start or end time is not given then t = 12 hours;
and the tested condition is to remove these events from the database because the actual
duration cannot be determined.

5a. The assumed condition is that 0.25 cfs be added to all "H Class" orders except surface
irrigation orders when t is less than 10 hours; and the tested conditions are to add either
0.125 or 0.375 cfs instead to test the sensitivity to the size of buffer used.

b. The assumed condition is that 0.25 cfs be added to all "H Class” orders except surface
jrrigation orders when t is less than 10 hours, and the tested conditions are to add the
0.25 cfs buffer as above but replace the "10 hour limit" with 9 or 11 hours as the t below
which a buffer is not added to the surface irrigation "H Class" orders to test the sensitivity
of the duration at which the buffer is applied to "H Class" surface irrigation events.

EU criteria assumptions. The development of the EU percentages is based on the assumptions presented
earlier. The sensitivity analysis presented for Items 6 through 11 in Table 6 provides a means for
evaluating how changing each of the individual EU percentages by a reasonable amount (either up or
down) would affect the Total Net On-Farm Water Conservation Savings estimates. In view of the logic
presented under the sub-heading Effective Utilization (EU) presented earlier for the assumed conditions,
the logic underlying the tested conditions should need no further explanation.
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INSTITUTIONALIZING ANNUAL NET ON-FARM CONSERVATION ESTIMATES

Section 11 of the Main Report lays out the strategy for computing the Annual Net On-Farm Water
Conservation Savings for the 12-HD Program. This is the first step in computing the annual estimate for
the Net Water Conservation Savings that has been made possible by the added flexibility afforded by the
12-HD Program. Subsequently the consequential operational losses (additional lateral and main canal
spillage) resulting from the extra water manipulations associated with terminating the 12-HDs must be
subtracted from the net on-farm savings. In addition, the rules governing the use of 12-HDs must be held
constant or rule changes documented and appropriate modifications made to the verification procedure.
The procedure for "institutionalizing the computation of the net on-farm conservation estimates” and a
framework for dealing with "rule changes” are discussed below.

The strategies and procedures used for estimating the consequential operational losses are presented in
Part 11 of the 12-HD Verification Summary Report. Part I also contains a section covering the allocation
of a portion of the net conservation savings from the 12-HD Program, Project 9, to System Automation,
Project 15, because without the additional automation the operational spillage would have been

considerably greater.
Net On-Farm Conservation

The procedure developed for estimating the 12-HD gross on-farm conservation savings, (V.)s, for the
Projected 1995 Water Conservation Savings was directly based on the 1993-94 (water year 1994) data.
With the grower query responses for a random sample of roughly 10 percent of the population of 12-HDs,
the 1994 V_ estimate, (VJg, could be based on the estimated average savings per 12-HD, (v))y, calculated
from the 1:10 Grower Database. The total District wide savings, (V. is equal to {v),v times the total
number of 12-HD throughout the District during the 1994 water year, ny,, when the 1:10 Grower Database

was being collected and developed ie:
(_Vc)sm = Tigy * (Voav

The conservation estimates for each future year could be made by simply determining the number of
12-HDs for the year in question and the (Vo) av that is based on the 1:10 Grower Database (from the 1954
water year). Then using the above equation to estimate the V.. However, this would not take into account

changes in the usage of 12-HDs.

Therefore, an equation relating the (v.) values determined from the 1:10 Grower Database to how the
individual 12-HDs was developed to provide more accurate future estimates of V.. It was found that the
method of irrigation is the most significant factor in estimating the water conservation associated with each
12-HD event. In view of this the initial effort at developing the equation was to determine the following
for the 1:10 Grower Database (see Table 5):

(v), = average savings per 12-HD for drip irrigation, AF
(v)s = average savings per 12-HD for sprinkler irrigation, AF
(v)p = average savings per 12-HD for flat irrigation, AF '
(v)g = average savings per 12-HD for row irrigation, AF

CVC (KB) Project 9 - 12-HD VSR Parts I
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Using this breakdown, the estimated gross on-farm water conservation savings for the 1994 water year
was:

(Vos = (0gy * Vop + (s * Vs +{0lgq ® Vr + (s ® Vr

In which the n,, values in the parentheses are the respective numbers 12-HDs associated with the drip,
sprinkler, flat, and row irrigation methods.

Improved inference model for estimating net on-farm conservation. To increase the validity of future
conservation estimates under possible changing conditions, the CVC investigated other inference
relationships. A total of 17 subgroups based on irrigation method, crop, and season were identified. An
analysis of variance showed that the 17 subgroups could be combined into a minimum of three groups with
significantly different means. However, rather than collapse the grouping to the minimum of three, it was
decided to maintain a grouping convention that observed the different irrigation methods. This approach
yielded the following six subgroups and average net on-farm savings per 12-HD for each of them:

(v)p = 2.746 AF for flat (border irrigated) alfalfa from May through August
(v)p, = 1.817 AF for all other flat irrigated crops and seasons

(VOr: = 2.133 AF for all row irrigated crops except vegetables during January-August
(vJp = 1.645 AF for row irrigated vegetables during January-August

(v)s = 2.122 AF for all sprinkler irrigations

(v)p = 1.718 AF for all drip irrigations

For future estimates of the Total Net On-Farm Water Conservation Savings associated with the 12-HD
Program, these (V) uy.gep values will be used as the coefficients in an equation similar to the one presented
ahove for the 1995 Conservation Projections. Table 7 shows the data used and the development of the
1996 Projected Net On-Farm Conservation Estimate from the 1995 water year 12-HD data.

Rules Governing Use of 12-HDs

The verification procedure described in this report is valid for the types of 12-HD uses that exist under
the current IID rules. The rule change of Jimiting the maximum delivery rate to 5 cfs during the spring
and fall of the 1996 water year will affect the way farmers use 12-HDs and the associated savings. This
may restrict certain uses that were more prevalent with the original 7 cfs in effect when the 1:10 Grower
Database was developed, and thus influence the savings potential predicted by the equations (or inference
model) presented above. For example, the existing rule limiting the maximum 12-HD delivery rate to
7 cfs provides water savings potential while discouraging 12-HD use for only labor savings. However,
the lower 5 cfs limit could limit a type of 12-HD use that was more prevalent under the 7 cfs limitation.

Tn view of the above, the CVC suggested that is was important for verification purposes that the following
be done: 1) examine the potential impacts of any proposed rule change before it is made; 2) document any
changes that may be adopted; and 3) develop appropriate modifications to the verification procedure to
cover possible changes in 12-HD use. The CVC has examined the potential impacts of the 5 cfs limitation
and the 5 cfs limitation has been properly documented (to accommodate the first two criteria).
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A new 1:10 Query activity to determine how many of the 4, 4.5, or 5 cfs 12-HD orders would have been
placed as 5.5, 6, 6.5, or 7 cfs orders if they were still available. The CVC may modify these 12-HD
Verification Procedures using this new 1:10 5 cfs Limitation Database (to satisfy the third criteria above).

INDEPENDENT VALIDATION ANALYSIS

Section IV of the Main Report provides independent backup for the conservation estimate derived from
the individual irrigation event based strategy that is based grower/irrigator's responses to the 1:16 12-HD
queries. For the individual event based strategy, which is depicted in the upper part of Figure 1, the
"inflow" differentials (for each 12-HD as compared to the 24-HD it replaced) is estimated for each
irrigation of any "field” receiving a 12-HD. Thus it is a "single event" based strategy and the total
conservation savings is the sum of the estimated conservation savings from each of the 12-HD events.

Two conservation savings estimating strategies were employed for the validation analysis, an analysis of
*finish heads” and an analysis of "delivery differentials”. These validation techniques were based on
“multiple event” strategies using "district” wide differential "inflow" information and is depicted in the
jower portion of Figure 1. The order and delivery information stored in IID's AS400 computer files was
used for the validation analysis. The primary data source for this analysis was the most recent version of
the "CFS Files" created through a query of TID’s AS400 computer. These records include district-wide
irrigation events from July 1, 1986 through June 30, 1995. This data was supplemented with a minor

sampling of the Zanjero Database.

In addition (to the CFS File validation analysis) a comparison was also made between the resulting savings
estimate based on the (1993-4 water year) 1:10 Grower Database and a savings estimate based on the 12-
Cooperating Grower Database developed during the 1992-3 water year.

Finish Head (FH) Analysis

An analysis of the CFS Files was made to separate the deliveries into six categories by annual delivery
days and AF delivered for each of the past nine 12-month periods (beginning with July 1, 1986 through
June 30, 1995, see Table 8). The purpose of the FH analysis was to determine how the use of FHs has
been affected by the 12-HD Program. The latest tallies in Table 8 (from 1993 to 1995) indicate that about
20 percent of all 12-HDs are FHs. These have replaced almost half of the 24-HD FHs. However, the
total number of FHs has hardly increased since 1989 when the 12-HD Program began.

The total number of deliveries decreased during 1990-91, when the number of 12-HBDs increased the most
rapidly (see Table 8). This indicates that the 12-HD Program did not induce additional irrigation events,
supporting one of the basic assumptions that absent the 12-HD Program, there would have been a 24-HD

for each 12-HD used.

The total number of FHs (12-HD and 24-HD FHs combined) does not change much over the study period
because as 12-HD FHs increase, 24-BD FHs decrease. This indicates that 12-HD FHs have replaced
approximately half of the 24-HD FHs on a one-to-one basis.

Although "stock water" events represent a significant number of district-wide deliveries, they represent
very little volume. Furthermore, the total volume of FHs has not changed very much during the study
period (see Table 8). However, the average FH delivery has decreased by approximately 0.64 AF/day
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VERIFICATION STRATEGY FOR 12-HDs

WHAT WHERE WHEN
Inflow Irrigation set lSingle event
Outflow Field Multiple event
- spillage Farm
- seepage Lateral
) E\_/raporatnon Multiple lateral

Main canal
Internal District
- return flow Basi
- storage asin
VALIDATION STRATEGY FOR 12-HDs

WHAT WHERE WHEN
Inflow Irrigation set Single event
Outflow Field Muitiple event
- spillage Farm
- seepage. Lateral
- evaporation Multiple lateral

Main canal
Internal District
- return flow _
- storage Basin

Figure 1. Comparison Between Verification and Validation Strategies
for Net On-farm 12-HD Conservation Savings
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(11.20 AF/day for 1987 through 1989 less 10.56 AF/day for 1990 through 1995) even though the average
24.KD has increased over the last nine years (see Table 8).

Assuming that the characteristics of the remaining 24-HD FHs have not changed, the difference in the
average quantity of water, 0.64 AF/day, delivered per FH event before and after the 12-HD Program
began can be used to estimate the average savings associated with each 12-HD FH event. To do this the
0.64 AF/day is multiplied by 8,887 days (the average number of FH delivery days per year during the six
post-project years) to obtain an average FH delivery difference of 5,704 AF between the pre- and post-
12-HD Program periods. This delivery difference of 5,704 AF is then divided by 3,096, the average
number of 12-HD FH days during the post-project period to obtain an average gross on-farm savings for
each 12-HD FH. Given the average effective utilization, EU = 0 % (to drain) for the "FH" responses in
the 1:10 Database, the average net on-farm savings per 12-HD FH is 1.84 AF.

This is close to the average net on-farm savings of 2.06 AF for all surface irrigation events in the 1:10
Grower Database (see Table 5). Furthermore, 12-HD FH irrigations represent almost half (43 percent)
of all 12-HD surface irrigation events. Thus the finish head analysis provides strong analytical and
independent non-subjective support to the validity of the estimated on-farm conservation savings
derived from the 1:10 Grower Database.

Delivery Differential Analysis

An analysis of the CFS Files was made to separate the deliveries into three categories by annual delivery
days and AF delivered for each of the past nine 12-month periods (beginning with July 1, 1986 through
June 30, 1995). The three categories are: 24-HDs; 12-HDs; and combined 24-HDs and 12-HDs. The
results of this query of the CFS File are presented in Table 9.

The total volume of order days (ODs) has not changed very much during the study period (see Table 8).
However, the average delivery per OD has decreased by approximately 0.32 AF/day (14.712 AF/day for
1987 through 1989 less 14.393 AF/day for 1990 through 1995) even though the average 24-HD has
increased over the last nine years (see Tables 8 or 9).

The average 12-HD would need to be 7.7 AF/day for the post-12-HD project average delivery per OD to
be the same as for the pre-project period. This is almost twice the average 12-HD, which is an indication
that farmers are not abusing 12-HDs by simply replacing their small 24-HDs with 12-HDs having twice
the flow rate and only using them for half as long.

Assuming that the characteristics of the remaining 24-HDs have not changed, the difference in the average
quantity of water, 0.32 AF/day, delivered per OD before and after the 12-HD Program began can be used
to estimate the average annual savings associated with the 12-HD Program (or the average savings per
12-HD). To do this the 0.32 AF/day is multiplied by 173,853 days (the average number of ODs per year
during the six post-project years) to obtain an average delivery difference of 55,460 AF between the pre-
and post-12-HD Program periods. This delivery difference of 55,460 AF can be divided by 15,940 (the
average number of 12-HDs during the post-project period) to obtain an average gross on-farm savings of
approximately 3.48 AF for each 12-HD.
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The volume weighted average (or global) effective utilization, EU = 11 % for the 1:10 Grower Database
(see Table 4). Thus the average annual net on-farm savings per 12-HD based on the above analysis would
be: (1 - 0.12) x 3.48 = 3.06 AF. This is considerably higher than the average net on-farm savings of
2,013 F/12-HD estimated for all irrigation events in the Zanjero Database for the 1995 water year.
However, it includes the reduced farm deliveries associated with Tailwater Recovery Systems (TRS) and
the additional flexibility provided for 24-hour deliveries (AdFx) since the 12-HD Program began.

If the 3.10 AF/12-HD were used in place of the 2.013, the total net on-farm conservation estimate for the
Projected 1996 Water Conservation Savings would have been (20,894 12-HDs) x (3.06 AF/12-HD) =
63,935 AF instead of the 42,060 AF used for the 1996 estimates. The difference (63,935 - 42,060 =
21,875 AF) is about the same as the sum of the reduction in deliveries associated with the TRS and AdFx
activities. Thus the delivery day analysis provides strong analytical and independent non-subjective
support indicating that the estimated on-farm conservation savings derived from the 1:10 Grower
Database may be on the low or conservative side.

Conservation Estimates from 12-Grower and 1:10 Databases

The estimated net on-farm conservation savings per 12-HD derived from the 12-Cooperating Grower
Database and used in projecting the Water Conservation Savings for 1994 was 1.68 AF. This is
reasonably close to the 2.04 AF computed from the 1:10 Grower Database. An analysis of the responses
from the same 12 cooperating growers in the 1:10 Grower Database showed that on average their

responses were similar between 1993 and 1994,

Both the 12-Cooperation Grower and the 1:10 Grower Databases provide subjective data. But, the fact
that the responses from one year to another give similar results adds to the confidence in the interview
and analytical processes used to estimate the net on-farm conservation savings associated with

12-HDs.
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PART II:
CONSEQUENTIAL SPILLAGE

Quantifying the increase in lateral spillage as a consequence of the 12-HD Program is necessary for
verifying the Conservation Savings associated with the it.

BACKGROUND

While the 12-HD Program generates large on-farm conservation savings, the management of the 12-hour
deliveries results in additiona! lateral spillage compared to the normal operational spillage associated with
the 24-hour deliveries they replace. This additional spillage is captured and conserved where laterals are
intercepted and the potential spills are immediately available for use down steam or stored for future use.

Understanding and quantifying lateral spillage is an important aspect of conservation verification for five
projects in the ID/MWD Water Conservation Program. These are the three interceptor projects, system
automation, and the 12-HD Program. Therefore, it was most efficient to address lateral canal spillage as
a general issue because these projects either target canal spillage for conservation or cause spillage to
increase as a consequence of project operation as is the case for the 12-HD Program.

In view of the above the CVC elected to develop a separate study focused on canal spillage. The DRAFT
Report, Analysis of Canal Spillage in Imperial Irrigation District, dated September 1997 and revised in
September 1998 contains a full description of the strategies used in developing the study and essential
outputs resulting from it. Consequently, it is not necessary nor would it be efficient to include the details

of the work herein.

NET CONSERVATION SAVINGS

The net conservation savings associated with 12-HDs are shared by Project 9, the 12-HD Program, and
Project 15, System Automation, in proportion to their relative total fixed plus operational costs. The
strategy for doing this is presented in the Project 15 VSR. The Consequential Effect Elements, which are
the increased canal spiltages induced by the 12-HDs, must be subtracted from the Conservation Elements,
which for 12-HDs is the sum of the reductions in deliveries to farm headgates to determine the net

conservation savings. Thus:
Net 12-HD Conservation Savings = Sum of the Net On-Farm Savings - Increased Lateral Spillage

Part T of this VSR focused on the strategies, procedures, and computations used for determining the Sum
of the On-Farm Savings associated with the 12-HDs.
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INCREASED LATERAL SPILLAGE

Lateral spillage is potentially increased as a result of stating and terminating 12-HDs. It is actually lost
where laterals discharge into XID drains, which in turn flow to the Salton Sea, However, there are some
laterals that are intercepted by main canals so spillage is conveyed to and held in main canal regulating
reservoirs. Also, lateral spillage increases are not actually lost in the interceptor projects areas. Spillage
that would be occurring if not for the interceptors and the "interceptor-like" portions of the system is

referred to as "potential” lateral spillage.

The main cause of 12-HD induced spillage is associated with timing mismatches between lateral headgate
flow decreases relative to farm delivery gate shutoffs or decreases. There is a bias toward having excess
water (rather than deficits). This is called the "Shutoff Loss Spillage™ or SOLS in the Spillage Report.
Furthermore, the only places where actual (as opposed to potential) spillage losses can occur is from Non-

Intercepted Laterals.

From Table ES-1 in the Executive Summary or Table in the body of the Spillage Report, the non-
intercepted lateral SOLS was estimated to be __, _ AF for the 1997 CFS year (the period from July
1,1997 through June 30, 1998) for FxMWD events (see row XX), which are the 12-HD events. In addition
the "Additional Spillage” or AS (associated with the FxMWD events) was estimatedtobe _,  AF.
Therefore, the Total Spillage associated with all of the 12-HD events is estimated tobe __, ___ AF.
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ADDENDUM TO INITIAL VERIFICATION PROCEDURE
for estimating
NET ON-FARM SAVINGS RESULTING FROM 12-HOUR DELIVERIES
to obtain ‘
REDUCED FARM DELIVERIES (12-HD)
for projects 9 and 15

PARTIL:
NET ON-FARM SAVINGS
(Draft dated August 1998)

Since completing the Initial VSR for Part I in September 1996 a number of changes have been made and
or have taken place in the 12-HD Program. This Addendum to the Project 9 12-Hour Delivery Report,
Part I Net On-Farm Conservation Savings (Dated September 1996) has been developed to address these
changes. The first DRAFT of the Addendum was submitted to the WCMC at the June 20, 1997 meeting
and discussed. However, at that time this section on limiting the 12-HD savings was incomplete. A second
DRAFT of the Addendum containing a preliminary method for handling the growth of 12-HD usage and
accounting for 12-HDs to serve Project 14 and 18 fields was submitted at the January 28 1998 WCMC and
discussed. However, this third DRAFT contains CVC’s latest strategy for handling the growth in 12-HD
usage, an updated validation analysis, and an example computation using a new inference model for
determining the on-farm savings associated with 12-HDs.

BACKGROUND

Part I: Net On-Farm Savings of the 12-Hour Delivery Project’s Verification Summary Report summarizes
the strategies and computational procedures used for developing the net on-farm savings associated with
12-HDs. The basis for the savings associated with the 12-HD events was derived from a random survey
of the initiators of 1,656 12-hour orders, which represented approximately every tenth (10 order during
the 1994 water year. The results of this survey were tabulated in what is called the 1-in-10 Grower
Database (or 1:10 Database).

Since completion of the Part I in September 1996 a cap of 3 cfs, instead of the standard 7 cfs has been
placed on 12-HD orders during the fall (September through November) and spring (March through May)
quarters. This has resulted in a decrease in the average savings per 12-HD compared to when the 1:10
Database was developed. Furthermore, during the development of Part II of the 12-HD VSR, Analysis of
Consequential Lateral Spillage, new insights for handling the 1:10 Database queries regarding the destiny
of excess water with the answer "return to Canal" have been developed. Using the new insights to develop
a better analytical basis for estimating the potential Effective Utilization, EU, for the "return to Canal"
events in the 1:10 Database resulted in a higher EU, which decreases the average net on-farm savings

accordingly.

In addition to the above, the CVC is concerned about the effect of the significant growth in the use of
12-HDs since the 1994 water year when the 1:10 Database was developed. For example, during the 1994
water year there were roughly 20,000 12-HDs and during the 1996 water year there were roughly 24,000

CVC (XB) Project 9 - 12-HD VSR Part |
12hd vsr_Part I Addepdum A-1 September 8, 1998 (Supersedes 1/25/98)



12-HDs. To handle this growth in 12-HD usage the CVC has modified the inference model for estimating
the net on-farm savings based on the 1:10 Database.

This Addendum contains summaries the following strategies and computational procedures developed to
handle; 1) the changes in the net on-farm savings for each 12-HD that are associated with the 5 cfs caps;
2) the effects on EU of the new analytical basis for dealing with the "return to Canal" answers, and 3)
increasing usage of 12-HDs. These changes are additive and the most logical place to start is with the EU

changes.

REVISED EFFECTIVE UTILIZATION (EU)

It was assumed that a portion of the estimated gross on-farm conservation from a given 12-HD, (vy, -v;5),
may have been effectively used. To account for this, EU percentages were developed for each type of
12-HD order and the gross on-farm conservation savings were reduced by muitiplying them by (1.00 -
EU/100) to obtain the net savings. The EU percentage was developed from the answers given to the
following two part question (this is Tters 18 on Form 1, the Order Clerk’s Questionnaire for Every Tenth

Order):

Part 1: "If 12-HDs were not available, with the flow rate you indicated you would have ordered
for 24 hours do you think you would end up with too much water for this irrigation?"

No Yes

Part 2: "If yes, where would the excess water have gone ? (Growers were given the following
choice of destinations: same field, SF; directly to the drain, D; another field, same gate,
SG; different gate, DG; returned to the canal, C; or other.)"

To analyze the responses to this two part question, the 1:10 Database was separated into two clusters (each
representing approximately half of the sample):

The "H Cluster” for 12-HD orders that the growers said replaced 24-HD orders that would have
been equal to Half or 0.5 cfs more than half of their 12-HD orders; and

The "S Cluster” for 12-HD orders that the growers said replaced 24-HD orders that would have
been the Same as their 12-HD orders or equal to the Minimum flow rate (at least 1 cfs greater than
half of the 12-HD order) needed for that particular irrigation.

The responses for only 351 or about 20 percent of the total indicated that there would not have been
excess water. A total of 646 of the responses (39%) indicated that there would have been excess water,
and that it would have been "returned to the canal”. A total of 3185 of the responses (23 %) indicated that
the excess water would have been sent directly to the drain. Other possible responses did not represent

large portions of the sample.

The judgments of the growers interviewed as well as those of TID field and management personnel at both
the division and district levels were integrated in the process of assigning EU percentage for the responses
to the above two part question. The logic underlying the assignment of potential Effective Utilization (EU)
percentages for the excess water that would occur without 12-HDs, which is the 24-hour excesses, (based
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on the answers given to Question 18 for every "tenth 12-HD order”) is presented in the Initial 12-HD
Verification Summary Report: Part I. The EU values used are presented therein in Table 4.

Almost 40% of the growers said they would return their excess water back to the canal. However, during
the CVC’s grower interviews many growers indicated that prior to the advent of the 12-HD Program canal
returns were not common. Thus it was concluded that many of the answers indicating the water was
returned to the canal, (C) responses), were not a valid representation of what would have been possible
without the 12-HD program. In view of this the following basis was used to obtain the EU value: 1) It was
assumed that on average in 25% of the cases the water would have remained and been used on farm, with
an EU similar to the weighted average EU for the respective (D), (DG), (SF), and (SG) designations; and
2) An EU of 5% was assumed for the remaining 75% of the (C) responses (see columns C, D, and E in
Table 4 in the Initial VSR).

A more comprehensive understanding of lateral canal spillage has been developed since completing Part
1. As a result of this new understanding it has been possible to develop an analytical approach (to replace
the more subjective approach outlined above) for assigning EU values to the large number of responses
for which the growers said they would "return the excess water to the canal”,

Lateral Spillage Hydrograph Analysis

During the development of the 12-HD Verification Summary Report: Part II: Analysis of Consequential
Lateral Spillage, the lateral spillage hydrographs shown in Figure A-1 were developed. The dashed curve
is the early 12-HD Program spillage hydrograph, which is based on the average hourly spillage values for
13 representative laterals from July 1, 1990 through June 30, 1993. The solid curve is the pre-Program
spillage hydrograph, which is based on the average hourly spillage for the 13 lateral set from July 1 1985
through June 30, 1990. In addition the pre-Program curve has been shifted down by 0.0371 cfs so it has
a common point with the early Program curve at 6 PM.

From the pre-Program spillage hydrograph shown in Figure A-1 it is evident that some additional spillage
occurred after 6 PM. But the increase in spillage is only large enough to account for an occasional return
of water to a lateral canal. Furthermore, the extra increase in spillage after 6 PM during the early Program
as compared to the pre-Program period can be accounted for by the estimated shut-off losses associated
with terminating 12-HDs. Therefore, it can be assumed that very little water was ever actually "returned
to the Canat"

prior to the 12-HD Program, which provided the additional "Night Patrolmen” necessary to manage the
returned water,

Destination of "Returned to Canal” or (C) Responses

For the most part, prior to the 12-HD Program relatively little water was actually returned to canals. It
seems reasonable to assume that water would have been consistently returned only from farm delivery
gates supplied directly off of main canals or along laterals where the spillage would have been intercepted
by other canals. For example like the Thistle laterals, which are intercepted by the Westside Main.
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The percent of the District’s farm delivery gates that fit the above categories was determined and weighted
average EU values were assigoed for the water returned from them. Table A-1 provides a listing of these
counts and the assigned EU values. The direct delivery gates along the three main canals can be shut
without seriously affecting downstream users, so it was assumed that users did return water to the canal
from all (100%) of these gates, An EU of 95% was assumed for the direct delivery gates that are upstream
from pre-project reservoirs, and an EU of 50% was assumed for the downstream gates.

It was assumed that the users along the intercepted laterals would have only been able to shut their gates
about half (S0 percent) of time and return water to the canal without adversely affecting other deliveries.
For the Fudge and Sperber lateral systems the potential EU of the water returned to the canals was
assumed to be 95% . However, for the Thistle laterals the EU was assumed to be only 50% since the Carter
reservoir was not yet automated, and for the Vail Supply system it was assumed to be only 10% because
most of the returned water would have been spilled at the Vail automatic spill. The weighted average EU
for the water returned to the canals from all of the delivery gates listed in Table A-1 is 67%, and the 794
gates listed represents 9.4% of the total number of farm delivery gates served by 1ID.

New EU Values for (C) Responses and Revised Table 4

Table 4 presented in the 12-HD Verification Summary Report: Part I (dated September 1996) needs to be
revised to reflect the new insights for handling the “returned to the canal”, (C) responses, to Question
18 in the 1:10 Grower Database. To do this the following basis was used to obtain the EU value: 1) It was
assumed that, on average, in 90.6% of the cases the water would have remained and been used on farm,
with an EU similar to the weighted average EU for the respective (D), (DG), (SF), and (SG) designations;
and 2) For the remaining 9.6% of the (C) responses the weighted average EU of 67% was assumed (see
Table A-1) for the water that would have been returned to the canals (see columns C, D, and E in Table

A-).

Table A-2 is formatted the same as Table 4 and all of the base counts and EU percentages are the same
except for the changes in the division of counts and EU values used for the (C) responses. The overall
effect of making these changes increases the global volume weighted average EU from 12.010 16.0%. The
global volume weighted average EU is computed by dividing the difference between the sums of the
estimated gross and net savings by the sum of the estimated gross savings from all of the 12-HD events

that make up the 1:10 Grower Database.
Effect of Using the New EU Values on the Net On-Farm Savings

The relative effect on the Water Conservation Savings for Project 9 of the revisions in the EU presented
above can best be demonstrated by comparing the net on-farm savings value obtained for the 1997
Projection with projections using these revisions and the same (1996) data.

The Conservation Element, which is the net on-farm savings, used in the Project 9 savings projection was
44,459 AF (actually it would have been 45,724 AF except for a transposing error). The effect of using
the revised EU values for the “returned to the canal” responses alone without changing the

CVC (KB) Project 9 - 12-HD VSR Part |
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inference model! would have reduced the correct value of 45,724 AF to 44,155 AF. This is a reduction
of 1,569 AF of 3.4%.

REVISED INFERENCE MODEL FOR USE WITH 5 cfs CAPS

The inference model presented in the 12-HD Verification Summary Report: Part I (dated September 1996)
for computing the net on-farm conservation savings was not designed to accommodate relative changes in
12-HD order sizes that differ from those in the 1:10 Database. When the 1:10 Database was developed
the cap was 7 cfs throughout the year. However, the 5 cfs caps on morning (AM) orders beginning with
the spring of 1996 (and every spring and fall thereafter) have resulted in significantly altering the relative
numbers of orders in the order tiers above 4.5 cfs as compared to when the cap was 7 cfs.

Order Tiers and Counts by Season

The following observations can be made by comparing the counts in each order tier in the 1:10 Database
with those in the current District-wide Zanjero (QTDB) Database (see Table A-3):

The relative numbers of counts in all order tiers is reasonably similar between the two databases
during the winter and summer periods when both have 7 cfs caps.

During the spring and fall when the 5 cfs cap was imposed the relative numbers of counts in the
order tiers of 4 cfs or less are similar between the two databases.

During the spring the percentage of the total counts in all order tiers greater than 4 cfs is about
the same in both databases. However, in the spring of 1996 (represented by the QTDB column)
there were hardly any ordexs above 5 cfs although evening (PM) orders up to 7 cfs were allowed.
Thus it appears that 4.5 and 5 cfs orders were used in place of most of the 5.5 cfs and larger AM

orders.

Similar comparisons can be made for the fall of 1996. However, the reason there were still so
many orders greater than 5 cfs in the QTDB column is because the fall data is a composite of
September and October 1996 data when the 5 cfs cap was in place and November 1995 data when
the old 7 cfs cap was still being used.

Seasonal Average Savings by Order Tier

Table A—4 shows the average net on-farm savings per 12-HD by order tier annually and by season derived
from the 1:10 Grower Database. The differences between the savings for any given order tier are fairly
large in some cases, which is probably due to the different crops and irrigation methods that predominate
in any given season. Therefore, it was decided to maintain "seasonality” as much as possible in the

inference model.

CVC (XB) Project 9 - 12-HD VSR Part 1
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Inference Model Development

The general equation for the inference model is:

Total Savings = [n; x (v} + [mx LA [T +{n, X VOl

where:
n, O, ..... n, represent the number of 12-HD events in a given sub-set of the database, and
vy, (Vas oeees (v.),, represent the average savings per event in each subset.

A constraint to the development of an inference model is the database size coupled with the necessity of
having a sufficiently large threshold number of events in each of its sub-sets to obtain statistically reliable
average savings values, (v.)x, for each of them. A statistically reliable threshold is 30 events per sub-set
and the 1:10 Database contains data for 1656 12-HD events. Therefore, even if the events were equally
distributed among sub-sets the maximum number of sub-sets would only be 1656/30 = 53.

In view of the above discussions concerning Tables A-3 and A-4, a logical starting point for developing
the inference model would be to divide the 1:10 Database into sub-sets representing: the four irrigation
methods; the four seasons; and the seven order tiers represented. However, this would result in having
too many (4 x 4 x 7 = 112) sub-sets.

The first effort at reducing the number of sub-sets was to consolidate the order tiers into three groups
designated as: 1-4, for orders from 0.5 to 4.0 cfs; 5, for 4.5 and 5.0 cfs orders; and 6-7, for orders of 5.5
cfs or larger. The logic behind consolidating the 1-4 tiers is based on the fact that the 5 cfs cap did not
greatly affect the numbers of orders of 4 cfs or less and the average annual savings for the orders larger
than 5 cfs are nearly the same (see Table A-3). Consolidating the order tiers into three groups reduced the
number of possible data sub-sets to 48. The 1:10 Database was divided into these 48 sub-sets and the
average savings per event in each sub-set was determined. The results of this screening process are

presented in Table A-5.

Many of the sub-sets presented in Table A-5 have too few events to be statistically reliable (v)x values.
So the next step in developing the inference model was to strategically consolidate the sub-sets so each had
at least 30 events and uniqueness between sub-sets was preserved as much as practical (as measured by
average savings while considering the number of events involved). The following was done to accomplish

this:
All drip events were consolidated because there were s0 few drip events in most of the sub-sets.
The sprinkler events in all four seasons were combined for each of the three order tier groups.
This was done because there were very few events in many of the sub-set cells and the differences

in the savings were not Jarge within order tier groups for the sub-sets with the larger numbers of
counts.

CVC (KB) Project 9 - 12-HD VSR Part I
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CVG (DE)

Table A.5. Number of Counts and Average Savings in Sub-sets of the 1:10 |

Grower Database _ It

Sub-set Criteria Sub-set i

Order Irrigation Average
Tier {cfs) Method Season Counts Vc (AF)

0.5 through 4.0 drip tw 9 142
0.5 through 4.0 drip 2sp 123 156
5.5 through 7.0 drip 2sp 2 0.86
0.5 through 4.0 drip 3su 14 2.09
0.5 through 4.0 drip 4f 6 1.38
4.5 and 5.0 drip 4f 2 248
0.5 through 4.0 flat Tw 11 152
0.5 through 4.0 flat 2sp 58 1.37
0.5 through 4.0 flat 3su 55 1.39
0.5 through 4.0 flat 4f 38 0.96
0.5 through 4.0 row iw 110 1.80
0.5 through 4.0 row 2sp 96 1.47
0.5 through 4.0 row 3su 35 1.60
0.5 through 4.0 row 4f 55 1.71
0.5 through 4.0 sprinkler iw 39 1.56
0.5 through 4.0 sprinkler 2sp 16 1.18
0.5 through 4.0 sprinkler 3su g 217
0.5 through 4.0 sprinider 4f 182 1.83
4.5and 5.0 flat w 5 2.64
45and 5.0 ftat 2sp 13 285
4.5 and 5.0 flat 3su 25 235
4.5 and 5.0 flat 4f 17 0.94
45and 5.0 ToW Tw 19 246
45and 5.0 row 2sp 39 1063
4.5and 5.0 row 3su 13 2.59

4.5 and 5.0 row 4f 20 229 “
4.5and 5.0 sprinkler 1w 18 217
4.5 and 5.0 sprinkler 2sp 6 241
45and 5.0 sprinkler 3su 4 1.94
4.5 and 5.0 sprinkler af 74 2.34
5.6 through 7.0 flat 1w 33 214
5.5 through 7.0 flat 28p 88 1.93
5.5 through 7.0 flat 3su 142 2.57
5.5 through 7.0 flat 4f 59 249
5.5 through 7.0 row 1w 34 228
5.5 through 7.0 row 2sp 70 2.59
5.5 through 7.0 row 3su 23 184
5.5 through 7.0 row 4f 30 3.02
55 Ihrough 7.0 | sprinkler Tw ! 351
5.5 through 7.0 sprinkler 2sp 5 366
5.5 through 7.0 sprinkler 3su 3 309
5.5 through 7.0 sprinkler 4f 25 270

Project 9 - 12HD Program
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The winter + summer and the spring + fall events were combined for the following: the 1-4 tier
group for flat irrigation; the 5 tier group for flat irrigation; and the 5 tier group for row irrigation.
This was done to obtain at least 30 events for each of the respective sub-sets and also match the
timing when the 5 cfs cap is applied.

The remaining sub-sets were kept separate because each contained a sufficient number of events.

This consolidation reduced the number of sub-sets presented in Table A-5 to 22. The pumber of events
and the average savings of each of these 22 sub-sets of the 1:10 Database are presented in Table A-6.
Examples for interpreting the Inference Sub-Sets, see left hand column of Table A-6, are as follows:

Row 2, flatl_4spf, is flat irrigation with delivery rates between 0.5 to 4.0 cfs in the spring and
fall;

Row 15, row5wsu, is row irrigation with delivery rates of 4.5 and 5.0 cfs in the winter and
summer; and

Row 22, sp6_7, is sprinkler irrigation with delivery rates between 5.5 to 7.0 cfs in all seasons of
the year.

The annual net on-farm conservation savings of the 12-HD Program can be estimated by substituting the
average savings values for each Inference Sub-Set and the associated numbers of 12-HDs throughout IID
for the corresponding sub-set category in the general equation for the inference model presented at the
beginning of this sub-section.

Comparisons Between Old and New Net On-Farm Savings

The relative effect on the Water Conservation Savings for Project 9 of the revision in the inference model
presented above can best be demonstrated by comparing the net on-farm savings value obtained for the
1997 Projection with projections using these revisions and the same (1996) data.

The Conservation Element, which is the net on-farm savings, used in the Project 9 savings projection was
44,459 AF (actually it would have been 45724 AF except for a transposing error). As discussed above
the effect of using the revised EU without changing the inference model would have reduced the correct
on farm savings value of 45,724 AF to 44,155 AF. This is a reduction of 1,569 AF of 3.4%.

By using both the revised EU values and the new inference model the net on-farm savings would become
42 808 AF (see Table A-6). This represents a further reduction of (44,155 - 42,808) 1,347 AF or another
2.9%, giving a total reduction of (45,724 - 42,808) 2,916 AF or 6.4%

The total net on-farm savings for the 1,656 12-HDs in the 1:10 Database was estimated to be 3,384 AF
using the old EU values and Inference Model. Using the new EU values and Inference Model it is 3,224
AF, which is a reduction of 160 AF or 4.7%.

CVC (KB) Project 9 - 12-BD VSR Part [
12hd vsr_Part I Addendum A-13 September 8, 1998 (Supersedes 1/25/98)



s oAl _— oy
— e — -

l Table A-6. Estimated Net On-Farm 12.HD Savings Using 1996 Zanjero Data with the Revised EU Values in
the New Inference Model

1in 10 Database 1996 Zanjero Data n
Inference Sub-

i Set' Count Avg Vc (AF) Sum Vc {AF) Count Ve (AF)

1 arip 156 1507 249 2,201 3,514
2. flat1_4spf 96 1,209 116 1,406 1,700
3. flat1_dwsu 66 1.411 93 1,254 1,770
4. flat5spf 30 1.770 53 1,521 2,692
5, flatSwsu 30 2.399 72 689 1,653
&. flate_7f 59 2.490 147 290 722
7. flat6_7sp 88 1.928 170 223 430
8. flat6_7su 142 2.565 364 1,408 3,612
9. flaté_7w 33 2.143 71 609 1,305
10. row1_4f 55 1.707 94 1,183 2,019
11. rowt_4sp 96 1.485 141 1,197 1,754
12. rowl_dsu 35 1,603 56 278 446 I
13. rowl_4w 110 1.598 176 1,579 2,523
14. rowSspf 59 2.049 121 1,428 2,926
15. rowSwsu 32 2.515 80 656 1,650
16. rowt_7f 30 3.020 91 220 664
17. rowB_7sp 70 2.586 181 151 390
18. rowB_7su 23 1.842 42 400 737
19. rows_7w 34 2.275 77 601 1,367
20. spi_4 246 1,760 433 3,503 6,325
21. sp5 103 2.298 237 1,476 3,392
22. sp6_7 a7 2.951 109 373 1,101
Subtotal 1,630 — 3,173 22,736 42,693
Wt Avg — 1.047 — — —
\Unspecified 26 1.947 51 58 113

tlcltil 1,656 — 3,224 22,794 42,808
Note:

' gxamples for interpreting the inference sub-set symbols are:
Row 2: flati_dspf is flat irrigation with delivery rates between 0.5 and 4.0 cfs in the spring and fail.
Row 15° row5wsu is row irrfigation with delivery rates between 4.5 and 5.0 cfs in the winter and summer.
Row 22: sp6_7 is sprinkler inigation with delivery rates between 5.5 and 7.0 cfs in all seasons.

CVC (DE) Project 9 - 12HD Program
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Weighted averages. The 12-HD 1:10 Database includes data for 1656 12-HD events. The global
weighted average 12-HD order = 4.26 cfs and the global volume weighted average EU = 16.0%
(compared to 12.0% previously) for the 1:10 Database (see Table A-2). Furthermore, the average net on-
farm savings per 12-HD = 1.95 AF (see Table A-6). This is 4.4% less than its previous value, which

was 2.04 AF.

NEW INFERENCE MODEL TO HANDLE GROWTH IN 12-HD USAGE'

The CVC is concerned about the effect of the significant growth in the use of 12-HDs since the 1994 water
year when the 1:10 Database was developed. For example, during the 1994 cfs (July 1 - June 30) year
there were 20,078 12-HDs and during the 1997 cfs year there were 24,316 12-HDs. It appears that more
growers are electing to use 12-HDs or finding new ways to use them. To handle this growth in 12-HD
usage the CVC has modified the inference model for estimating the net on-farm savings based on the 1:10

Database.

Tt seem logical that the average savings per 12-BD would be lower for additional events, except in the case
of the increased acreage under drip and sprinkle irrigation. This is because the types of 12-HD uses
rendering the largest savings would likely have been captured by the 12-HD Program early on, Therefore,
more and more of the 12-HDs may be focused on labor and management savings with less potential for

water savings.
Field Visits and Office Analysis

In February the CVC interviewed six growers/managers who are major users of 12-HDs and queried them
as to their opinions concerning any change in usage since 1994. None of them felt they had significantly
changed their strategy or decision making process for ordering 12-HD. During April 1998 the CVC with
the help of TID’s Water Resources Team visited fields served by the delivery gates that had received the
largest numbers of 12-HDs during 1997. A summary of some of the field observations and WIS data
analysis is presented in Table A-7.

From the field observations, discussions with growers and an analysis of the 12-HD data it appears the
growth in usage has occurred in the following three domains. Firstly, the relative numbers of 1 to 2 cfs
12-HD orders to serve small surface irrigated fields and drip and sprinkle irrigation systems has increased.
Secondly, there has been extensive growth with 12-HDs being made to more delivery gates during any
given season of the year. Thirdly, there has been intensive growth as the average number of 12-HDs per
delivery gate (that is the total number of 12-HDs divided by the total number of farm delivery gates
receiving 12-HDs) has increased, while the number of gates receiving 12-HDs has remained relatively

constant (see Figure A-2).

I This section replaces the section titled "Limiting Conservation Savings Resulting From the
Growth in 12-HD Usage" in the January 1998 DRAEFT of this Addendum. It was first submitted
to the WCMC at the September 24, 1997 meeting and discussed therein.
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Figure A-1. Computed Verification Laterals Base Spillage for Water Years 1991 through 1998

1661 wiol) abueysn juaalad

680%
- 50%
40%
- 30%
- 20%
10%

1998

1997

1996

10,911

10,880
1994

1993

1992

1991

12,000
10,000
8,000
6.000
4,000
2,000

(1aa4-aioy) abejpdg aseg

CVC(DE)

6/17/99

A - 17

\V1002\vsrispl_anal_rep_tables.xls

delldim>c



Accommodating the Increased Usage of Small cfs Orders

The inference model that was designed to handle the 5 cfs cap had 22 sub-sets. Order sizes (or tiers) equal
to or less than 4 cfs were grouped together (see Table A-6). This is satisfactory as long as the relative
distribution of order sizes remains the same as in 1994 when the 1:10 Database was developed. However,
the relative distribution of order sizes has increased especially the 1 and 2 cfs 12-HD orders. Four new
sub-sets of the 1:10 Database were created by combining all 0.5, 1, 1.5, and 2 cfs orders to handle the
relative increase in small-cfs orders. For the most part, this still maintained the integrity of the inference
model since there are still 23 or more events in each of the inference model’s sub-sets or bins (see Tables

A-6 and A-B).

Table A-9 shows the comparison between using the new 26 and previous 22 sub-sets to estimates the total
12-HD net on-farm savings using WIS data for the 1997 CFS year (July 1 - June 30) and the revised EU
values. (This comparison is made without any further adjustment for growth in order to demonstrate the
effect of the relatively greater growth in small 12-HDs since 1994,) Using the new model results in
reducing the estimated savings by 870 AF? (see Table A-9).

Accommedating the Extensive and Intensive Growth in 12-HD Usage Since 1994

As mentioned above, the growth in the usage of 12-HDs has been both extensive and intensive. To better
explain the difference between extensive and intensive growth consider Table A-10, which shows the
change in 12-HD usage between 1934 and 1997 for inference Sub-set 24 (for all 1-cfs orders). The
extensive part of the growth is represented by the roughly 25 percent increase in the number of gates (205
in 1994 and 283 in 1997) receiving 1-cfs 12-HDs. The intensive part of the growth is represented by the
relatively large increase in the average number of 1-cfs 12-HDs per gate (4.0 in 1994 and 6.7 in 1997).

Extensive growth. It was assumed that the part of the increased growth in usage in each of the 26
inference sub-sets that is attributed to extensive growth would have the same average savings per 12-HD
event in its sub-set "m", (v, as was estimated from the 1:10 Database. Thus in the case of inference Sub-
set 24 in which the average number of 12-HDs per gate was 4.0 in 1994, the estimated savings for the 4.0
x 283 = 1,132 events (see Table A-10) included within the extensive portion of the growth would be (v,
— 0.784 AF/12-HD (see Sub-set "m" # 24 in Table A-8).

Intensive growth. For the intensive portion of the growth in 12-HD usage since the 1:10 Database was
developed in 1994 it seems reasonable to apply the linear reduced conservation savings strategy depicted
in Figure A-3. The horizontal portion in Figure A-3 represents the entire extensive portion of usage where
the savings per 12-HD is equal to the full value of (v.),. The sloped portion represents the extensive
portion of usage where the savings per additional 12-HD is decreased linearly from the full value of (v),
to zero. The rate of decrease depends on the value assigned to k,, for each sub-set "m”.

* It is interesting to note that in the case of the 1:10 Database there is practically not difference
between the estimated savings from either inference model (compare Tables A-6 and A-8).
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Table A-8. The 1:10 Database with the Gounts and the Per Event and Total net On-Farm
Savings Using the Revised EU Values for Each of the 26 Inference Sub-sets.
1 in 10 Database
tnference Sub-Set’ Count Avg Ve (AF) Sum Vc (AF)

1.drip3_7 45 2.2580 101
2. flat3_4spf 49 1.464 72
3. fiat3_4wsu 46 1.672 77
4. flatsspf 30 1.770 53
5. flatbwsu 30 2.399 72
6. flatg_T7f 59 2.490 147
7. flaté_7sp B8 1.928 170
B. flatg_7su 142 2.565 364
9. flatb6_7w 33 2.143 71
10. row3_4f 39 1.859 73
11. row3_4sp 67 1.609 108
12. row3_4su 25 1.810 45
13. row3_dw 81 1.651 134
14. row5spf 59 2.049 121
15. rowbwsu 32 2.515 80
16. rowB_7f 30 3.020 it
17. rowB_7sp 70 2.586 181

[18. row6_T7su 23 1.842 42
19. rowB_7w a4 2.275 77

I 20.sp3_4 161 2.033 327
21. sp5 103 2.298 237
22. sp6_7 37 2.951 109

123" alln.5 23 0.430 10
24, allt 69 0.784 54
25. all1.5 107 1.267 136
26, ali2 155 1.472 228
Subtotal 1,637 — 3,180
Wt Avg - 1.942 —
Unspecified 19 1.942 51
Total 1,656 e 3,231

TExamples for interpreting the inference sub-set symbols are:
Row 2: flat3_4spf is flat irfigation with delivery rates between 2.5 and 4.0 cfs in the spring an
Row 15: rowBwsu is row irrigation with delivery rates between 4.5 and 5.0 cfs in the winter ar
Row 22: spB_7 is sprinkler irrigation with delfivery rates between 5.5 and 7.0 cfs in all season
Row 23 all0.5 is for all methods with delivery rates of 0.5in all seasons.

CVC (DE) Project 9 ~ 12HD Program
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Table A-9. Comparison Between the Estimated Net On-Farm 12-HD Savings Using 1997 WIS Data with the
Revised EU Values in the 26 and 22 Inference Sub-sets Models without Adjusting for Growth in Usage.
4997 WIS 12HD Data Using 26 Inference || 1997 WIS 12HD Data Using 22 Inference

u Sub-sets Sub-sels Differences
Inference Sub-set' | Count |Sum Vc (AF)|| inference Sub-set’ | Count | Sum V¢ (AF)|| Count | Sum Vc (AF)
1.drip3_7 807 1,816 1.drip 2090 3,337 -1283 -1521
2 flat3_4spf 823 1,205 2, flat1_4spf 1307 1,580 -484 -376
3. flat3_4wsu 858 1,435 3. flat1_d4wsu 1337 1,887 -479 -452
4. flatSspf 1621 2,869 4. flatsspf 1621 2,869 0 0
5. flatdwsu 827 1,884 5. flatbwsu 827 1,084 0 0
6. flate_7f a3 232 6. flat6_7f a3 232 0 v
7. flaté_7sp 113 218 7. flaté_7sp 113 218 0 o
8. flal_7su 1348 3,458 8. flaté_7su 1348 3,458 0 o
9. flaté_7w 361 774 9. flaté_7w 361 774 0 C
10. row3d_4f 693 1,288 10. row1_4f 1173 2,002 -480 <714
11. row3_4sp 708 1,139 1. row1_4sp 1254 1,837 -546 -698
12. row3_4su 183 331 12. row1_4su 407 653 -224 -321
13. row3_4w 1107 1,828 13, row1_dw 1658 2,649 -551 -822
14. rowSspf 1355 2777 14. row5spf 1355 2,777 0 0
15. rowbwsu 786 1,977 15. row5wsu 786 1,977 0 0
16. rowB_7f 68 205 16. row6_7f 68 205 0 0
17. rowb_7sp 70 181 17. row6_7sp 70 181 0 0
18. rowB_7su 308 569 18. rowb_7su 309 569 0 0
19. rowB_7w 278 633 19. rowt_T7w 278 633 0 0
20. sp3_4 2084 4,237 20.sp1_4 3786 6,665 -1702 -2427

i121 . sp5 1329 3,054 21. sp5 1329 3,054 0 0
22 sp6_7 320 944 22, spB 7 320 944 0 0
23. all0.5 471 203 471 203
24 a1 1905 1,494 1905 1494
25 alit.5 948 1,201 948 1201
26. all2 2452 3,609 2452 3609}
Subtotal 21,917 39,660 21,850 40,485 27 -825
Wt. Avg = e - — e -
Unspecified 37 72 64 117 -27 -45
Total 21,954 39,732 21,854 40,602 0 -B70)

* Examples for interpreting the inference sub-set symbols are:
Row 2: flat3_4spf is flat irrigation with delivery rates between 2.5 and 4.0 cfs in the spring and fali.
Row 15: rowBwsu is row irrigation with delivery rates between 4.5 and 5.0 cfs in the winter and summer.
Row 22: spb_7 is sprinkler irrigation with delivery rates between 5.5 and 7.0 cfs in all seasons.
Row 23: all0.5 is for all methods with delivery rates less than or equal 0.5 in all seasons.
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I Table A-10. Summary of 12-HD Usage During Water Years 1994 and 1997 for
Inference Sub-set 24 (all 1-cfs orders) Showing Deliveries per Gate, Number of
' Gates aneilg@w_gﬁy_eries Based on WIS Data,
1894 Water Year 1997 Water Year
Delivenies |Number of Deliveries | Number of
Per Gate Gates Total Deliveries I Per Gate Gates Totai Deliveries
l 131 1 131
121 1 121
116 1 1160
l 112 1 112
96 1 96
87 1 87
l 71 1 71
69 1 69
68! 1 6
66 1 )
l 45 2 g
43 1 4
36 i 3
I 35 1 35
34 1 34
30 i 300
' 27 1 27]
24 1 24
23 1 23
22 1 22 22 i 22
. 21 2 42
20 1 2
17 1 17 17 4 6
l 16 | 16
15 2 3
14 2 2 14 2 2
13 1 1 13 5 &
l 12 3 3 12 2 2
11 4 4 11 4 4
10 3 3
I 9 3 2 g 1
8 4 3
7 i 7 3 21
8 6 3 8 12 7
l 5 7 3 5 15 7
4 5 2 4 15 )
3 16 4 3 22 6
l 2 34 6 2 33 6
1 115 11 1 137 137
Total Gates 205 283
Total Deliveries B16 1906
I Avg Deliveries/Gate 4.0 6.7
CVC (DE) Project 8 -- 12HD Program
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Figure A-3. General Strategy for Handling Savings for Increased 12-HD use since 1994
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New Inference Model. The New Inference Model is based on the 26 inference sub-sets with an average
savings for each sub-set "m" of (v)),, derived from the 1:10 Database (see Table A-8). It is designed to
handle both the extensive and the intensive growth of 12-HD usage as described above since the 1:10
Database was developed in 1994.

The mathematical expressions needed for the New Inference Model (see Figure A-3) to determine the total

”, n

net on-farm savings, (V) for each sub-set “m” are as follows:
o do7
94
, : . I
(Vc)mm (vc)m'(lgth G9'1)m+ Rm'(vc)m" [n97 - (194' G97)]m lf 1 < ('1—91),,, < km

94

. , o
(Vc)m = (vc)m”(lﬂ ’ GB’? m + (vc)m’(km—n'(l% ' GQ‘])m lf(“;-g?')mzkm
94

in which:

_ K= 1) (™ Coplyy = Mgy~ Uy Gl
" *, - D ligy Gopdn

" is the subscript representing the sub-set number

(V) is the total savings for sub-set "m" in 1997

(v)), is the average conservation savings per event in sub-set "m" from the 1:10 Database
(Bs) is the number of events in sub-set "m" in 1994

(Dg;), IS the number of events in sub-set "m" in 1997

(iss),, is the intensity in terms of the average number of events per gate in sub-set "m" in 1994°
(is7), I8 the intensity in terms of the average number of events per gate in sub-set "m” in 1997
(Gyy)y i8 the number of gates served in sub-set "m" in 1994

(Gy)n is the number of gates served in sub-set "m" in 1997

k,, is the (savings per event) slope adjustment factor for sub-set "m"

3 The intensity is computed by: (y)n = (4/Goadm
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Computing the Total Savings Using the New Inference Model

The total conservation savings for 1997 is the sum of the savings for each of the 26 inference sub-sets.
However, before the savings for each inference sub-set can be determined, the k facror associated with
each inference sub-set "m’ must be established.

Establishing the  factors. The general feel for the intensive growth of the types and uses of 12-HDs was
gained from the field studies mentioned above (see Table A-7). This general feel was used to arrive at what
the CVC believes are reasonable k factors for each of the 26 inference sub-groups. The final & factors
selected are either 1.5 or 2.0, with 2.0 being used for all 5-cfs, drip, sprinkle, and all small-cfs inference
sub-sets (see Table A-11). The basis for using the higher value, which has the lesser effect on reducing
savings due to intensive growth, for the 5-cfs sub-sets is because the 5-cfs cap effectively forced their
growth, The basis for the higher value for drip and sprinkle sub-sets is because more crops are being fully
grown under drip and sprinkle irrigation. And the basis for the higher value for the all 0.5, 1-, 1.5-, and
9.cfs sub-sets is because these sub-sets contain large and increasing numbers of 12-HDs serving drip,
sprinkle, and specialized high intensity surface irrigated fields.

Example calculation. Following is a sample calculation for determining the value the net on-farm 12-HD
savings (for Inference Sub-set "m" # 24, (VJy, using the New Inference Model with k = 2 and data from
Tables A-8 and A-10:

1.  Compute the value of (ig7/igs)as, Which is the EPG Ratio (see Table A-11) by:
(iga)ps = (Poa/Gos)ps = 816/205 = 4.0
(ig7)pe = 1906/283 = 6.7
Thus: (igy/iggss = 6.7/4.0 = 1.68
9. Since 1 < 1.68 < 2, ie. 1 is less than 1.68 and 1.68 is Jess than k = 2, use the second
equation presented for the New Inference Model on the previous page to compute (V). by

inserting the following values in it:

(igs)s = 4.0 events/gate; (Gopys = 283 gates; (VO, = 0.784 AF/event; (Dg)y = 1906
events; and also noting that (i Gy = (4.0x283) = 1,132 events® and that:

Ry =[2-1x 1,132-0.5x (1,906 - L1322 - 1) x 1,132 = 0.658°
To obtain:

(V). = (0.784 x 1,132) + [(0.658 x 0.784) x (1,906 - 1,132)] = 1,287 AF

4 This is the number of events represented by point (a) on Figure A-3
5 This multiplied by (v.), = 0.784 AF/event is the savings per event value represented by point
(b) on Figure A-3
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Table A-11. Estimated Net On-Farm 12-HD Savings Using WIS Data for the 1897 Water Year and the
Revised EU Values Without and With the New Inference Model.
Without New Model With New Model Ii
inference Sub-Set’ | Count | Sum Vc (AF) | kFactor | SumVc (AF)  Delta I|__EPG Ratio®

1. drip3_7 BO7 1,816 2.0 1807 g 1.10
2. flat3_dspf 823 1,205 1.5 1173 32 1.18
3. flat3_4wsu 858 1,435 1.5 1419 16 1.1
4. flat5spf 1621 2,869 20 2759 110 1.32
5. flatSwsu 827 1,984 2.0 1952 32 1.20
. fiaté_7f 93 232 1.5 222 10 1.23
7. flatb_7sp 113 218 1.5 218 0 0.97
8. flatb_7su 1348 3,458 1.5 3450 8 1.05
9. flaté_7w 361 774 1.5 774 0 0.97
10. row3_4f 693 1,288 1.5 1233 55 1.23
11. row3_4sp 708 1,139 1.5 1129 10 1.10
12 row3_4su 183 331 1.8 265 66 1.56
13, row3_4w 1107 1,828 1.5 1819 g 1.07
14. row5spf 1355| 2,777 20 2636 14t 1.37
15. rowSwsu 786 1,977 2.0 1920 57 1.27
16 rowd_7f 68 205 1.5 199 6 1.19
17. row8_Tsp 70 181 1.5 181 0 0.73
18. rowB_7su 309 569 1.5 562 7 1.12
19. rowb_7w 278 633 1.5 632 1 0.87
20. sp3_4 2084 4,237 2.0 4179 58 1.18
21.s5p5 1329 3,054 20 2989 65 1.23
22.5p6_7 320 944 2.0 B36 108 1.61
23. alD.5 - 471 203 2.0 203 0 0.99
24, alll 1805 1,494 20 1287 207 1.68
25. all1.5 948 1,201 20 1201 0 0.74
26, all2 2452 3,609 2.0 3,582 27 1.13)
Subtotal 21,917 39,660 38,627 1,033
Wit Avg —— e o -
(Unspecified 37 72 72 0
ITolal 21,054 39,732 | 38,609 1,033
! Examples for interpreting the inference sub-set symbols are:

Row 2: flat3_4spf is fiat imigation with delivery rates between 2.5 and 4.0 cfs in the spring and fall.

Row 15: rowSwsu is row irrigation with delivery rates between 4.5 and 5.0 cfs in the winter and summer.

Row 22: spb_7 is sprinkler irrigation with delivery rates between 5.5 and 7.0 cfs in all seasons.

Row 23: allD.5 is for all methods with delivery rates less than or equal 0.5 in all seasons.
2 EpG Ratio is the ratio of the number of events per gate in 1897 to the pumber in 1994,

CVC (DE) Project @ — 12HD Program
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Total savings. Table A-11 contains the estimated net on-farm 12-HD savings computed for each of the
26 inference sub-sets and the total savings using WIS data for the 1997 CFS year and the revised EU
values without and with the New Inference Model. The "Without New Model" columns are the same as
the first three columns in Table A-9. The Sum V. column included with the "With New Model" columns
contains the savings values computed using the New Inference Model with the indicated k factors. The
Delta column contains the differences between the savings without and with the New Inference Model and
events per gate, EPG, Ratio column gives the values of (ig/ig)n for each inference sub-set “m". The EPG
Ratios provides an indication of the intensity of the growth in usage, the higher the ratio the greater the

intensification.

Using the New Inference Model with the 26 inference sub-sets gives an estimated total net 12-HD on-farm
savings of 38,699 AF using WIS data for the 1997 CFS year. This is quite close to the estimated total net
12-HD on-farm savings of 38,384 AF computed for the 1998 Projected Savings that was based on 1997
WIS data using 22 inference sub-sets in the previous inference model.

Sensitivity analysis. A sensitivity analysis was made to determine the effect of using different & factors.
The variable k factors used in Table A-11 resulted in a total difference (or reduction) of 1,033 AF between
the "Without and With New Model" total net on-farm 12-HD savings estimates. If a constant k factors of
2 0 have been used for all 26 of the Inference Sub-Sets, the reduction would have been 923 AF; and for
constant k factors of 1.5 and 1.25 the respective reductions would have been 1,811 and 3,089 AF.

ACCOUNTING FOR EXTRA 12-HDs TO PROJECT 14 AND 18 FIELDS®

Farmers operating Drip, Linear Move Sprinkler, and Tailwater Recovery Systems tend to order more
12-HDs than they would otherwise order for an average combination of all types of systems used
throughout the IID service area. Some of these high 12-HD usage systems are sponsored by the
IID/MWD Conservation Program falling under Projects 14 and 18, which receive credit for their on-farm
conservation elements. Therefore, the savings resulting from the additional 12-HDs induced by Projects
14 and 18 should not be included in the pool of 12-HD conservation savings and credited to Project 9,
the 12-HD Program’. On the other hand, since the potential increase in spillage is captured by the 12-HD
Program the potential spillage should not be subtracted from the savings resulting from the use of Drip,
Linear Move Sprinkler, or Tailwater Recovery Systems sponsored under Projects 14 and 18.

§  This is a new addition that was not included in earlier versions of the 12-HD VSR Addendum.

7 This is necessary because it is unreasonable to have the induced or potential spillage from one
Project be Conserved (saved) by another Project and count as Savings in the same Conservation
Program, this in effect would be doubie counting.
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A query of the ID Delivery Data Base revealed the following for the 1996 and 1997 WaterYears (periods
between November 1 and October 31):

Projects & System Types and (Numbers of Delivery Gates) Average Number of 12-HDs per Gate

1996 1997
P 14/18 Drip Systems 3) 80 89
P 14 Linear Move Sprinkler Systems 3) 53 30
P 18 Tailwater Recovery Systems 59 4.7 4.4
All Other TID Systems (5638) 4.0 3.7

From the above data it is clear that 12-HDs are used much more frequently for both Drip and Linear Move
Sprinkler Systems than the average usage throughout the IID service area. However, there is only a small
increase in 12-HD usage with Tailwater Recovery Systems.

To handle this situation in the future, the CVC will not count any of the 12-HDs that are delivered to
Gates serving Projects 14 and 18 fields. Instead it will be assumed that "on average” if Projects 14 and
18 had not been sponsored by the IID/MWD Conservation Program, the affected fields would have
irrigation systems that are similar to those serving the remainder of X{D’s service area, Therefore, their
irrigation managers would order 12-HDs accordingly. Thus for the 1996 Water Year, 4.0 additional
12-HDs would have been added back for each of the (3 + 3 + 59 = 65) gates serving Project 14 and 18
fields. This would have been a total of (4.0 x 65) = 260 additional 12-HDs. The Conservation Savings
assigned to each of these 260 additional 12-HDs would be the average savings per 12-HD for the entire

TiD service area.

If the above strategy had been used for the 1996 Water Year, the net effect would have been to decrease
the total number of 12-HDs by:

3 x (80 -4) + 3 x (53 - 4) + 59 x (4.7 - 4) = 416 deliveries

Based on the average savings of 1.950 AF per 12-HD during the 1996 Water Year, this would have
reduced the 1997 Conservation Projection by about 810 AF. If it had been used for the 1997 Water Year,
the total number of 12-HDs would have been decreased by:

3x(89-3.7) +3x(30-3.7) + 59 x (4.4 - 3.7) = 376 deliveries

Based on the average savings of 1.749 AF per 12-HD during the 1997 Water Year, this would have
reduced the 1998 Conservation Projection by about 660 AF.
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UPDATE OF INDEPENDENT VALIDATION ANALYSIS

The Initial VSR provides independent backup for the conservation estimate derived from the individual
irrigation event based strategy that utilized the 1:10 Database of grower/irrigator's responses to the 1;10
12-HD queries conducted during the 1994 Water Year. For the individual event based strategy, which is
depicted in the upper part of Figure 1 (in the Initial VSR), the "inflow" differentials (for each 12-HD as
compared to the 24-HD it replaced) is estimated for each irrigation of any "field" receiving a 12-HD. Thus
it is a "single event” based strategy and the total conservation savings is the sum of the estimated
conservation savings from each of the 12-HD events.

Two conservation savings estimating strategies were employed for the validation analysis, an analysis of
finish heads and an analysis of delivery differentials. These validation techniques were based on "multiple
event” strategies using "district-wide” differential "inflow” information and is depicted in the lower portion
of Figure 1. The order and delivery information stored in TID's WIS files was used for the validation
analysis. The primary data source for this analysis was the most recent version of the “CFS Files" created
through a query of IID’s WIS files computer. These records include district-wide irrigation events for the
CFS Years from July 1, 1986 through June 30, 1998.

Finish Head (FH) Analysis

An analysis of the CFS Files was made to separate the deliveries into six categories by annual delivery
days and AF delivered for each of the past nine 12-month periods (beginning with July 1, 1986 through
June 30, 1998, see Table A-10). The purpose of the FH analysis was to determine how the use of FHs has
been affected by the 12-HD Program. The latest tallies in Table A-12 (from 1996 to 1998) indicate that
about 20 percent of all 12-HDs are FHs, These have replaced almost half of the 24-HD FHs. Furthermore,
the average FH delivery has decreased by approximately 1.0 AF/day (11.2 AF/day for 1987 through 1989
less 10.2 AF/day for 1990 through 1998) even though the average 24-HD has increased over the last nine
years (see Table A-12).

Assuming that the characteristics of the remaining 24-HD FHs have not changed, the difference in the
average quantity of water, 1.0 AF/day, delivered per FH event before and after the 12-HD Program began
can be used to estimate the average savings associated with each 12-HD FH event. To do this the 1.0
AF/day is multiplied by 9,585 days (the average number of FH delivery days per year during the nine
post-project years) to obtain an average FH delivery difference of 9,585 AF between the pre- and post-
12-HD Program periods. This delivery difference of 9,585 AF is then divided by 3,749, the average
number of 12-HD FH delivery days during the post-project period to obtain an average gross on-farm
savings for each 12-HD FH. Given the average effective utilization, EU = 0 % (to drain) for the "FH"
responses in the 1:10 Database, the average net on-farm savings per 12-HD FH is 2.56 AF.

This is well above the average net on-farm savings of 2.06 AF for all surface irrigation events in the 1:10
Grower Database (see Table 5). Furthermore, 12-HD FH irrigations represent almost half (43 percent) of
all 12-HD surface irrigation events. Thus the updated finish head analysis provides strong analytical
and independent non-subjective support to the validity of the estimated on-farm conservation savings
derived from the 1:10 Grower Database.
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Delivery Differential Analysis

An analysis of the CFS Files was made to separate the deliveries into three categories by annual delivery
days and AF delivered for each of the past nine 12-month periods (beginning with July 1, 1986 through
June 30, 1998). The three categories are: 24-HDs; 12-HDs; and combined 24-HDs and 12-HDs. The
results of this query of the CFS Files are presented in Table A-13.

The total volume of order days (ODs) has not changed very much during the study period (see Table A-
13). However, the average delivery per OD has decreased by approximately 0.32 AF/day (14.712
AF/delivery-day for 1987 through 1989 less 14.394 AF/delivery-day for 1997 and 1998% even though the
average 24-HD has increased over the last nine years {see Table A-11). This is practically the same as the
difference obtained in the Delivery Differential Analysis in the Initial VSR for Part I,

The average 12-HD would need to be 6.2 AF/day for the post-12-HD project average delivery per OD to
be the same as for the pre-project period. This is close to twice the average 12-HD, which is an indication
that farmers are not generally abusing 12-HDs by simply replacing their small 24-HDs with 12-HDs
having twice the flow rate and only using them for half as long.

Assuming that the characteristics of the remaining 24-HDs have not changed appreciably, the difference
in the average quantity of water, 0.32 AF/day, delivered per OD before the 12-HD Program began and
during 1997 and 1998 can be used to estimate the average annual savings associated with the 12-HD
Program (or the average savings per 12-HD). To do this the 0.32 AF/day is multiplied by 186,194
delivery-days (the average number of ODs per year during 1997 and 1998) to obtain an average delivery
difference of approximately 59,600 AF between these pre- and post-12-HD Program periods. This delivery
difference of 59,600 AF can be divided by 24,151 (the average number of 12-HDs during the 1997 and
1998 period) to obtain an average gross on-farm savings of approximately 2.47 AF for each 12-HD.

The revised volume weighted average (or global) effective utilization, EU = 16 % for the 1:10 Grower
Database (see Table A- 2). Thus the average annual net on-farm savings per 12-HD based on the above
analysis would be: (1 - 0.16)x 2.47 = 2 08 AF. This is considerably higher than the average net on-farm
savings of 1.76 AF/12-HD estimated for the 1997 data based on the latest inference model and including
all interceptor projects (see Table A-13). However, it includes the reduced farm deliveries associated with
Tailwater Recovery Systems (TRS) and the additional flexibility provided for 24-hour deliveries (AdFx)

since the 12-HD Program. began.

8 The data for 1996 was not used in the analysis due to the unusually high average 24-HD
deliveries, which may have been the result of the consolidation of the IID Divisions and the

initiation of the 5 cfs caps on the 12-HD Program.

9 There are some discrepancies between the data presented in Table 9 in the Initial VSR and Table
A-13 for 1991, 1994, and 1995, especially for 1995. The CVC can not explain these
discrepancies. Assuming the data presented in Table A-13 is the most accurate, the average
delivery per OD should have been 0.27 AF/delivery-day rather than 0.32 AF/delivery-day
presented and used in the earlier analysis.
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Based on a comparison of the pre-project period and 1998, the average delivery per OD has decreased by
approximately 0.66 AF/delivery-day (14.712 AF/delivery—day for 1987 through 1989 less 14.056
AF/delivery-day for 1998). The average 12-HD would need to be 8.8 AF/day for the post-12-HD project
average delivery per OD to be the same as for the pre-project period. This gave an average delivery
difference of approximately 129,200 AF between these pre- and 1998 12-HD Program periods. Assuming
4,700 AF is TRS water and 40 percent of the remaining difference is due to AdFx savings, the difference
attributed to the 12-HDs would be roughly 75,000 AF. Dividing this difference by 23,985 (the average
number of 12-HDs during the 1998 period) and adjusting for EU= 16% gives an average gross on-farm
savings of approximately 2.63 AF for each 12-HD. This is considerably higher!® than the average net on-
farm savings of 1.76 AF/12-HD estimated for the 1997 data based on the latest inference model.

In view of the above considerations the update of the delivery-day analysis provides strong analytical
and independent non-subjective support indicating that the estimated on-farm conservation savings
derived from the 1:10 Grower Database may be on the low or conservative side.

LAYPERSON’S GUIDE TO THE 12-HD PROGRAM

The attached Layperson’s Guide to the 12-HD Program was developed by the Water Conservation
Measurement Committee, Conservation Verification Consultants, and the Imperial Irrigation District staff.
Tt was designed to document and describe the Program and provide examples of actual on-farm delivery
reductions resulting from the use of 12-HDs.

Before the Layperson’s Guide was distributed, IID’s Water Conservation Advisory Board requested that
the CVC present their verification strategy and findings related to the 12-HD Program at a special meeting
sponsored by the IID/MWD Water Conservation Agreement. This meeting, which was advertised
throughout the District, was held on June 19, 1997 in IID’s Water Control Center.

The special meeting was well attended and provided a forum for guestions to be posed and answered. The
Water Conservation Advisory Board was informed by the Water Conservation Measurement Committee
Chairman that if additional meetings were desirable for further discussion of the 12-HD Program such
meetings would be scheduled.

Subsequent to the special meeting the CVC prepared a special report that contained the exhibits used at
the meeting. This report contains a summary of the historical use of 12-HDs and the CV(’s verification
strategy and findings. The title of this special report is:

10 Part of this may be due to an increase in the number of small 24-HDs that serve the expanded
acreage irrigated with drip and solid set sprinkle systems. This would reduce the average 24-HD
even if the 12-HD Program were not in place and be partly responsible for the overall decrease
in the average AF/delivery-day.
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VERIFICATION OF THE 12-HOUR RUN PROGRAM
A Report on the
Special Meeting of the Water Conservation Advisory Board
Presented by
Conservation Verification Consultants
on
June 19, 1997

On June 21, 1997 the CVC presented a seminar for the Water Conservation Measurement Cornmittee and
selected IID Staff. The seminar covered the strategies used in developing the savings associated with the
12-HD Program The following special report was prepared to document this materials used during this
presentation:

PROJECT 9
12-HOUR DELIVERY PROGRAM
ON-FARM WATER SAVINGS
VERIFICATION PROCEDURES
Seminar
June 1997

Subsequent to these special meetings, it was decided that it would not be necessary or particularly desirable
to distribute the Layperson’s Guide; therefore, it has never been widely distributed and is included herein
for future reference.
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. . . . . Ravised: 12/31/96
Imperial Irrigation District

A Layperson’s Guide
12-Hour Delivery Program

Why 12-Hour Deliveries Are Needed

Fiexible water delivery is needed for efficient on-farm irigation. 11D has historically provided growers with
flexibility in delivery frequency and rate by providing water within a day of being ordered and allowing growsrs 1o
order almost any How rate. However, until it adopted the 12-Hour Delivery Program, the IiD requirement that
water be taken in incremenis of 24-hours limited flexibility in duration and did not always allow growers to make
the most efficient use of delivered water

For example, the minimum flows needsd to push water to the ends of small fields may provide more water than
neesded if delivered for 24 hours. Similarly, finish heads, which are used to complets irrigation on small portions of
larger fields, typically are not needed for 24 hours. Germination and cooling irrigations of Fall vegetables with
sprinklers are generally needed for only a few hours. Likewise, drip irigation systems, which are gaining
popularity in D, typically need to operate every day or two for only a few hours. When growsrs have no option
but to take water for a full 24 hours, any excess water must be reused on nearby fields with only parial
effactiveness or spilled to drains.

The 12-Hour Delivery Program, part of a broad water conservation program implemented under the [ID /
Metropolitan Water District of Southern California (MWD) Water Conservation Agraement, which bacame effeciive
in December 1989, was designed to provide mors flexibility in irrigation duration It allows farmers to terminate
delivery and leave any unused water in the ID system after 12 hours, or at any time upon 3 hours notification o
HD The unusad water can then be dalivered to another user or routed to one of lID's several regulaling
reservoirs for subsequent delivery {o another user.
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There are approximately 170,000 deliveries sach
E year in HD About 4% of these are finish heads. 12 % of Ihe ﬁe]ds in i1 are smaller than 40 acres.



Uses of 12-Hour Deliveries

About 3/4 of all 12-hour deliveries are used for either cooling, 30% 7 e
germination, transplanting, finish heads, or hrigating smail E g 25%
flolds. Most of these irrigations take place on vegetable and E ¢
. =T " i
melon fields. zz 20% -
33
. o L 15%
Of the remaining 1/4, most are used for surface krrigation on T2 3
jarge flelds and drp irrigation, evidence that most 12-hour 2 £ 10%
" =3
deliverles are used as orlginally intended. However, a small g = 50
numbef of 12-hour deliveries are used primarily for grower § © °
convenlence of o raduce lrrigation labor costs (see box this A — : :
Al Other Oiip [riigadion Sutlues Surlacn Fintsh Head Gomiotion,
page}. trigations imgalional  iigaion of fgat Tranegiantiag
Luitga Flelds Smuntt Fislkds & Cooling
{20+ oores) (030 20 weres} irrigadone

Nost 12-hour deliveries are used for special events
{like finizh heads} and small surface-irrigated fields.

Water is Saved by Reducing On-Farm Deliveries

12-hour deliveries save water by allowing growers to order the flow they need for
eificient frrigation and terminats their delivery parly, thereby halding unused water

in HD's canal system for use slsewhere. Savmg Water or L.abor?
l The amount of water saved has been determined from data collected from more ‘,';‘-‘T'heré:"é‘r_é many 'bQﬂQﬁfS of the 12-
than 1,600 randomly selected 12-hour irrigations  For sach sven!, growers were ‘Hour. Delivesy - Piogram, including’

: avings, - better ‘irrigation
gtformance;. and. reduced flows fo

asked to estimate how much water they would have ordered for a 24-hour delivery

{if 12-hour deliveries had not been available} and whethar any sxcess water would
. have been effectively reused. The responses to these questions plus followup

personal interviews to verify responses pravide the basis for computing the water
I savings of each 12-hour irrigation studiad.

ID's long-term water delivery records have also been analyzed to provide
independsnt checks of the on-farm water savings estimates. These analyses,
based on a comparison of water delivary records before and after the start of the 12
Hour Dalivery Program, confirm the estimates bassd on farmers' responses

On average, each 12-hour irrigation had a volums of 4.2 acre-feet comparad 10 a
volume of 6.5 acre-faet for the 24-hour irrigation that would have baen used. ~wihe
However, a small portion (0.3 acre-feet) of the 24-hour volume would have been prirarily. for conven :
sffsctively reused on nearby fields, resutting in a net on-farm delivery reduction of savings, but thers are ralatively few -
2.0 acre-fset. of these. situations which have little.
- offect on‘overalt water cansarvation.:.

Average 24~Hour Delivery
The average 12- (6.5 acre-feet)

hour event resulis
in a net on-farm

' delivery reduction

D aximum: 12-hor. .
‘ ats 1o assure that the:

of 2.0 acre-feel,
based on how
much water was
actually delivered,
how much would
have been
delivered, and the
portion of the Effectively s
excess that would Beused Water
have béen (0.3 ac-ft}
effectively reused.

 holur “deliveries primarily ‘for labor. !
savings and to keep main.canal flow -
fluctuations - * within  safe  ahd
manageabie imits. ' e




' The defivery reduction resulting from each 12-hour event

varies according to what the grower would have done in the
absence of the program, how long the 12-hour delivery
actually lasted, the 12-hour flow, and other factors.

The graph at the right shows that about 60% of all 12-hour
events reduce on-farm delivery by 2 acre-feet or less and
40% by more than 2 acre-feet with the overall average

l saving of 2.0 acre-feet.

The iable below shows data compiled for four actual 12-

' hour deliveries.

Oto1 1+to 2
On-Farm Delivery Reduction (acre-feet)

Examples of Actual On-Farm Delivery Reductions

2+103 3+

Example 1 Example 2 Exampie 3 Exampie 4
Crop Lettuce Sudan Grass Watermelons Alfalfa
irrigation Method Sprinkler Flat Drip Flat

Field Size/Area
irrigated with this

35 acres / 35 acres

221 acres [ 20

70 acres [ 70 acres

243 acres / 15

Delivery Duration

12-Hour Delivery acres acres
Month Irrigated September October April July
Irrigation Purpose Germination Finish Head Reguiar Finish Head
Actual 12-Hour Order 25¢cis 7 cfs 2.5 cfs 6 cfs
E“;“z'ﬁ :2‘;;’5?””9“ 15cfs 4cis 25 cfs 6 cis
Actual 12-Hour 11 hours 12 hours 10 hours 12 hours

Deiivered (for 24
hours)

3.0 acre-foet

8 0 acre-fest

5.0 acre-fest

12.0 acro-feet

Reused (24-Hour)
Water

0.0 acre-iset

0.0 acre-fest

(.2 acre-feet

0.6 acre-fest

Actual 12-Hour
Delivery

2.3 acre-faet

7 0 acre-fest

2.1 acre-fest

6.0 acre-foet

On-Farm Reduction

0.7 acre-feet

1.0 acre-fast

27 acro-fest

5.4 acre-feet

Explanation:
These 12-hour
deliveries are a
sampling of
more than 1,600
events that were
studied in detail.

Thig vegetable lield was
garminated with
sprinkless, which often
reguire an exlra
one-haif cfs buffer to
avoid a shortage at the
pump intake The
savings of this event is
dua mainly to the size
of the apparent buffar
and the irrigation
duration

This finlsh head added
about 7 acre-fest of
water to finish irrigating
ihe last 20 acres of a
221-acra fisld Most
flatdrrigated fields are
difficult to irrigate with
lass than about 4 ofs.
50 the minimum
24-hour Irrigation would
have added B acre-fest

This drip system cannot
oparate sffectively at a
lower flow, so thera
would have been
axcess water with a
24-hour delivery A
small amount of that
axcess woldd have
been raused, so the
delivery was reduced
significantly

This grower ordered 6
ofs for 12 howrs 1o
water the iast 15 acres
of a 243-acre fleld
Without the 12-Hour
Dailivery Program, he
wolid have ordarad the
sama flow rate for 24
hours and effectivaly
reused a smali amount
of the axcess walar

l Would Have
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12-hour runs reduce on-farm deliveries
and increase spill. Net conservation
only includes captured and delivered
water.

Managing the Unused Water 10 Maximize Savings

The water that growers do not use (because of on-farm delivery
reductions) remains in the 11D distribution system This water must
be captured and stored for later use or it will be spilled and lost. The
capture and storage of water are accompiished by lD's canal system
automation, regulating reservoirs, and the functioning of the state-of-
the-art Water Control Center. These areas were improved or
expanded under the ID/MWD Program at a cost of more than $15
million. Studies based on actual field data and records show that
most unused water is effectively captured and re-delivered, resuiting
in a net positive savings due to the 12-hour Delivery Program.

However, siudies have also shown that even with these measures
there is additional lateral canal spillage that occurs as a
consequence of managing the unused water This spillage occurs
when 12-hour deliveries are terminated and the unused water is
returned to the laterals. These water operations, which require
precise timing, cannot always be done perfectly, even with increased
staffing levels funded by the HD/MWD Program

Increased water level
fluctuations in the main
canal system also tend to
calse unsteadiness in
lateral flows which
contributes 1o lateral
spitlage

A longterm  splilage
monitoring  program  is
being implemented to
identify possible changes
i canal spil patterns

N T S By AN BE T I O D T EE Sa
W NEL g b L AT " F e T T

Reservoirs capiure unused water for delivery the foflowing day.

Will 1 2-Hour Deliveries Continue to Conserve?

The use of 12-hour deiiveries has increased
every year since the program was fully
implemented in 1989 after a 1988-89 pilot
project. More and more growers are using
the program and finding new ways to benefit
from the program's flexibility

As the naiure and number of 12-hour orders
changes, 1ID wili continue data collection as
part of an ongoing quality control program
These measures will ensure that 12-hour
deliveries are being used as intended:

I TO SAVE WATER.
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12-hour deiivery use has been
staadily increasing since
the program began.



